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FOREWORD
This volume of the NASA Planetary Flight Handbook contains trajectory data to
aid the mission analyst in planning direct flights to Jupiter and to the planets beyond.
It is a companion to Part 8 of this handbook series which contains single and multi-
planet swingby trajectory data to the outer planets. Together they provide a rather
comprehensive catalogue of mission possibilities for the time period 1975 to 1985.
Because of the long orbital periods of the more distant planets, much of the data con-
tained in this volume can also be used to estimate trajectory characteristics for other
launch years.
This addition to the NASA SP-35 series of documents was prepared under the
direction of Mike Poteet by the Fort Worth Division of General Dynamics under
contract NAS 2-4982. In addition to that which is due the study manager, credit is
also given to Carolyn Allen for her efforts in preparing the contour charts. Finally,
the assistance given by Susan Norman of the Mission Analysis Division in overseeing
this activity is gratefully acknowledged.
Jerry Deerwester
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Velocity Increment Required to Depart 185-kmCircular
Earth Orbit
Velocity Increments Required to Enter Circular
Capture Orbits, Jupiter
Velocity Savings Obtained by Entering Elliptic
Orbits, Jupiter
Velocity Increments Required to Enter Circular
Capture Orbits, Saturn
Velocity Savings Obtained by Entering Elliptic
Orbits, Saturn
Velocity Increments Required to Enter Circular
Capture Orbits, Uranus
Velocity Savings Obtained by Entering Elliptic
Orbits, Uranus
Velocity Increments Required to Enter Circular
Capture Orbits, Neptune














































































































































This handbookcontains trajectory data and a related series of charts and
tables for one-way direct trajectories to Jupiter, Saturn, Uranus, and Neptune.
The time period covered is for launch opportunities from 1976-1986 with the
exception of trajectories to Jupiter, which span the launch opportunities from
1981 to 1986. Data for direct trajectories to Jupiter which span the earlier
launch opportunities (1970-1980) are contained in Part 5 of this handbook
series (Reference i). This handbook, Part 7, is a companionvolume to Part 8
which contains Jupiter swingby trajectory data (both single-planet and multi-
planet) for missions to the outer planets for launch opportunities in 1976-
1983 (Reference 2).
Qrsanization
The data in this handbook are contained in three separately boundvolumes.
Explanatory text and charts are contained in the first volume while the tabu-
lar data are contained in two supplemental volumes. This, the first volume,
is divided into three sections. A short explanatory text, of which this dis-
cussion is a part, is contained in Section i. Tables of the planetary constants
used in the trajectory computations, tables of nodal crossing dates, and auxi-
liary charts for determining the incremental velocity (AV) requirements for
departure from Earth and entry into orbit at the target planets are contained
in Section 2. Also contained in Section 2 are planetary ephemerides for the
years 1970 to 2000. Hyperbolic excess speed contour charts are presented in
Section 3o The charts display contours of constant excess speeds at Earth
departure and target planet arrival on a grid of Earth departure date and tar-
get planet arrival date. The appendix to this volume contains a description
of a data tape which contains a complete record of the tabular trajectory data
contained in SupplementsA and B. SupplementA contains the tabular data for
*Data for trajectories to Pluto are not included. Pluto's high orbital inclin-
ation negates direct transfers for practical combinations of launch energy and
flight time°
trajectories to Jupiter and Saturn; Supplement B, the data for trajectories to
Uranus and Neptune. These supplements are available, upon request, from the
Technical Information Division, AmesResearchCenter, National Aeronautics and
Space Administration, Moffett Field, California 94035.
Computer Prosram
The program used to obtain the trajectory data is based on the patched-conic
technique. Input requirements are the date of departure, the date of target
planet arrival, and the set of mean elements defining the departure and arrival
planets' orbits. The planetary orbits are treated as eccentric, mutually
inclined ellipses. In order to maintain consistency with previous volumes of
the Planetary Flight Handbook, the elements are fixed at their osculating
values on 1.5 January 1960. These values are given in Reference 3 and in
Section 2 of this volume.
Within the program, the orbital elements are employed to determine the position
and velocity of the departure and target planets by iteration on Kepler's
equation. Given the two terminal position vectors and the transfer time, an
iterative solution to Lambert's Theorem is used to obtain the elements of the
required transfer conic.
Magnetic Tape of Trajectory Data
In order to provide access to the trajectory data in this handbook in a form
suitable for direct use by computer programs employed in mission or system
studies, the data contained in Supplements A and B have been stored on magnetic
tape. The tape is written in a 7-track, blocked BCD format with 20 records
per block and is compatible with the 7090/7094 DCS. A detailed description of
the organization of the data on the tape is contained in the Appendix°
A copy of the tape may be obtained by submitting a request to the Director,
Mission Analysis Division, Office of Advanced Research and Technology, National
Aeronautics and Space Administration, Moffett Field, California 94035. A
standard magnetic tape, 2400 feet in length and 1/2 inch in width must accom-
pany the request. The trajectory data will be written on the tape at a density
of 800 bits per inch unless another tape density is requested (e.g., 200 bpi
or 556 bpi).
Section 2
PLANETARY EPHEMERIDES, CONSTANTS, AND RELATED INFORMATION
This section contains the planetary constants and ephemerides used in the cal-
culation of the interplanetary trajectories. Other information of use to the
mission analyst is also included.
The constants used in the trajectory calculations for this handbook are listed
in Table 2-1 and were taken from Reference 3. Table 2-2 gives the dates of
nodal (ecliptic) crossings during the period from 1970 through 2000. The data









Argument of Perihelion (deg)
Mean Anomaly at Epoch *(deg)
Planet Radius (kin)
Gravitational Parameter (km3/sec 2)






























































"I .5 January 1960 (JD 2436935.0)
The AV required to depart from a 185 km circular Earth orbit is shown in
Figure 2-1. Figures 2-2 through 2-9 show the AV requirements for orbit inser-
tion at each of the four outer planets considered. The illustrations are
divided into two figures for each planet. The first gives the insertion
TABLE 2-2


































requirement (for specified values of arrival excess speed) for entry into a
circular orbit as a function of periapsis radius; the range considered is I
to 15 planet radii. It should be mentioned that there is a distinct value of
periapsis radius for each hyperbolic excess speed that yields a minimum inser-
tion requirement. For Jupiter these values are greater than 15 radii. However,
the insertion requirements at the optimum radii are only slightly less than
those for the lower (and probably more desirable) values. The value of periap-
sis which yields the minimum insertion _V for a specified capture-orbit eccen-
tricity and arrival excess speed is given by
2K l-er H
where K is the gravitational parameter, V_ is the excess speed, and e is the
eccentricity° The second figure for each planet shows the reductions in AV
requirements obtained by entry into an elliptical orbit with a given periapsis
radius instead of a circular orbit of same radius° This AV reduction is a
function of the periapsis radius and orbit eccentricity only and is equal to
Vc(_ + e - I), where Vc is the local circular velocity and e is the desired
orbital eccentricity° Eccentricities from 0 to I are covered at specific
values of periapsis up to 15 planet radii°
The remainder of this section contains the ephemerides of Earth, Jupiter,
Saturn, Uranus, Neptune, and Pluto for the years 1970-2000. The following
information is given: heliocentric radius, heliocentric longitude and latitude,
and the right ascension and declination of the sun. In addition, the communi-
cation distance from Earth is printed for the five target planets. The angles
are expressed in degrees, and the distances in AU. The ephemeris was generated
using the fixed-ellipse model of the planetary orbits as described by the
elements in Table 2-1. These values are not the most accurate ones available;
however, they are sufficiently accurate for preliminary design purposes and
make this handbook consistent with the previous volumes of the "Planetary
Flight Handbook." An estimate of the error induced by the fixed-ellipse model
was obtained by comparing the fixed-ellipse data with that obtained using time-
varying planetary elements. The discrepancies were approximately 0.5 degrees
in heliocentric longitude for all planets in the year 2000. This is the upper
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DA T E R
PLANET ARY FPHEMER IS
HFL[OCFNTRIC ECLIR7 IC COORDINATES
EARTH JUPITER
LON3 tAT RAS OFCS R LONG LAT RAS OECS COIST
SA TUR N
R LONS LAT RAS OECS COIST
40500.0 1969 3CT S.F t. O0 11.9 0.0 [91.0 -4.7 5.45 195.8 1.30 239.4 -2.6 6.45
40510,0 1969 lET [5,q 1,00 21,8 0,0 200,2 -8,5 _,4 = 196,6 1,30 240.2 -2,7 6.4_
40520,0 1969 OCT 25,5 o, qq 31,8 0,0 209,6 -12,[ 5,45 1¢)7,3 [o29 240,9 -2,7 6,42
40530,0 1969 N')V 4, _ 0,99 4[,8 0,0 219,3 -[5, 4 5,45 IqR,] 1,29 241,7 -2,7 6,37
40540.0 [969 N]V 14.5 0.99 5L.8 0.0 229.4 -18.2 S,45 lq8.g [.29 242.4 -2.7 6.31
40550.0 1969 NDV 24.5 0.99 6|.9 0.0 239.8 -20.6 5.45 199.6 1.29 245.2 -2. T 6.22
40960.0 [969 nFC 4._ 0.9q 72.0 0.0 250._ -22.2 5.4_ 230.4 1.28 244.0 -2.R 6o[I
40570,0 [969 DEC 14.5 0,98 82,2 O, 0 26|,5 -23,2 5,45 201 ,[ 1.28 244.7 -2,8 5,99
40580,0 }969 nEC 2&.5 0.98 g2,4 0,0 272,6 -23,% 5.45 2.')1,9 1,28 245,5 -2,8 5,85
40_90,Q [970 JAN 3,_ 0*98 [02,6 0.0 283.7 -2?,9 5,45 232,6 1,27 246,2 -2,R 5,71
40600,0 1970 JAN 13,5 C, 98 [12,8 0,0 294,6 -21,_ 5,45 203,4 [,27 247.0 -2,8 5,55
9.23 34.7 -2.4% 217.3 -16.9 8.32
9.23 _5.1 -2.&4 217.7 -17.0 8.26
9.23 38.4 -2.43 218.0 -17.1 8.24
9,23 3_.8 -2,43 218,4 -17,2 8,2%
9,22 36,! -2,43 218,7 -IT,& 8,28
9.22 36.5 -2.A2 219.[ -[7,5 8.34
q,22 36,8 -2,&2 219,% -17,6 8,43
9.22 37,2 -2,42 219,8 -17,7 8,55
9.21 37.6 -2,41 220.1 -[T.8 8.68
q.21 37.9 -2.41 220. 5 -18.0 8.8_
q. 21 38,3 -2,&l 220,8 -18,1 9,00
40610.0 1970 JAR 23.5 O. qR 122. q 0.0 305.3 -Iq.5
_0620.0 1970 FEB 2._ 0.99 133.1 0.0 315.6 -I_.9
40630.0 1970 FEB 12.5 0.99 143.2 0.0 325.6 -1_.8
40640.0 1970 F_R 22.5 0.99 153.3 0,0 335,3 -I0._
40650.0 1970 MAR 4.5 0.99 [63.4 O. 0 344.7 -5._
40660.0 1970 _AR 14.5 0.99 173.4 0.0 353.9 -2.6
_0670.0 1970 MAR 24.5 1.00 [83.3 0.0 3.0 1.3
40680,0 1970 APR 3,_ 1,00 I93,2 0,0 12,1 5,?
40690,0 1970 ADR 13.q [,00 203.0 0,0 21,3 9,0
40700,0 1970 APR 23.5
40710,0 1970 4AY 3.5
40720.0 [970 MAY 13.5
40730.0 1970 _AY 23.5
40740.0 ]970 Jl_ 2._
40750.0 1970 JUN 12.5
40760,0 1970 JU_ 22,5
5.49 204.1 1.27 247.7 -2.8 _.39 Q.2l 38._ -2.40 221.2 -18.2 9.15
5.45 234,9 1,26 248,_ -2,9 _,23 q,20 39,0 -2,40 221,5 -18,3 9,33
q,45 205,7 1,26 249,3 -2,9 5,07 q, 20 39,4 -2._9 221,q -18,5 q,&9
5.4_ 236,4 [,29 250,0 -2,9 4,92 q,20 3q,7 -2,39 222,2 -18,6 9,6%
5,45 207,2 1,25 250,8 -2,9 4,78 9,20 40,1 -2,38 222,6 -18,7 9,77
q.%5 207.9 [,24 25[.5 -2.9 4.66 9.[9 40.4 -2.38 223.0 -18.8 9.90
5.4_ 208.7 1.24 252.3 -2.9 n.56 9.[9 &0.8 -2.37 223.3 -18.9 10,00
5.4& 20qo& [.23 253.0 -2.9 &.49 9.19 41.2 -2.37 223.7 -[q,O [0.08
5.4% 210.2 [.23 253.8 -2.g 4.45 q. lq 41.5 -2.37 2?4.0 -19.2 I0. I&
[.01 212.8 0.0 30.6 12.4 5.44 211.0 1.22 254.6 -3.0 4.&4 9.[8 &|.9 -2.36 224.4 --19.3 [0.18
].01 222.5 0.0 40.[ 15.5 q.4% 21].7 1,21 255°3 -_.0 4.45 9.[R 42.2 -2._6 224.8 -19.% 13,|_
[.0[ 232.2 0.0 49.8 15.3 5.44 2[2.5 1.2| 256.[ -3.0 4._0 9.18 42.6 -2.35 225.1 -|9,5 10.18
l.O[ 241.8 O. 0 89.7 20.5 5.44 213.2 1.20 256.8 -3.0 &._8 q. IR 43.0 -2.35 22_.5 -lq.6 [O.[&
1.01 251.4 0.0 69.9 22.2 5.4& 214.0 1.lg 257.6 -3.0 4.67 q.|7 43.3 -2.34 225.9 -19.7 10.08
1.02 261.0 0.0 80.2 23.1 5.4& 214,8 I.[9 258.4 -3.0 4.79 9. I7 4_.7 -2.33 226.2 -19.8 [0.00
1.02 270.5 0.0 90.5 23.4 5,43 215.5 1,[8 259.1 -3.0 &,q2 9,[7 4&.O -2.33 22&.6 -20,0 9,99
40770.0 1970 JUt 2._ 1.02 280.0 O. 0 |00.9 23.1 5.43 216.3 1.17 259.9 -3.0 5.07 9.17 44.4 -2.32 227.0 -20. I 9.78
40780.0 1970 J_ ]2.5 1.02 28q.6 0.0 1|[.2 22.0 5.43 2[7.0 l.[6 260.6 -3.0 5.22 9o[6 4&.R -2.32 227.3 -20.2 9.64
40790.0 197_ JUL 22.5 [.02 299oi 0.0 12[.3 20.B 5.43 2[7.8 1.16 26].4 -3.0 R.37 q.[6 45.] -2.31 2?7.7 -20.3 9.49
40800.0 1970 AUG 1.5 1.01 308.7 0.0 131.[ 18.1 5.43 218.6 1.15 262.2 -3.0 5.5? 9.16 45,5 -2.3[ 228.1 -20.4 9.33
&0810.0 1970 AUO 11.5 1.0[ 3|8.3 0.0 |40.7 I_.4 5.43 2|9.3 1.[& 262.9 -3.0 5.67 q.[6 45.9 -2,_0 22_.4 -20.5 _.[T
40820.0 1970 AUG 2[. _ 1.01 327.9 O* 0 [50.1 12.2 R.43 220.1 1.13 263.7 -3.0 _.82 q,14 46.2 -2o29 228.8 -20.5 9.0|
40830.0 1970 SEP 0._ 1.01 337._ 0.0 [_9.2 8.7 5.42 220.9 1.12 264.5 -3.1 5.95 9.15 46.6 -2.29 22q.2 -20.7 8.8_
40840.0 [970 SFP 10.q [.01 347.2 0.0 [68.3 _.0 5.42 221.6 1.11 265.2 -_.| 6.06 9.15 4A.q -2.28 229.5 -20.8 R.69
40850.0 1970 SEP 20.5 [.00 357.0 0.0 177.2 [.2 5.42 222.4 I.I0 266.0 -3.1 6.17 9.[5 47.3 -2.2? 229.9 -20.9 8.54
408&0.0 ]970 3CT O.R 1.00 6.8 0.0 186.2 -2%7 &.42 223.2 1.09 266.8 -3.1 6.2_ 9.[5 47.7 -2.27 230.3 -2[.0 8.%2
40870.0 1970 DCT [0._ l. O0 16,6 0.0 I95.3 -6.5 5.42 223.9 1.08 267.5 -3.1 6.32 9.14 48.0 -2.26 230.7 -21.[ 8.3[
40880.0 1970 OCT 20.5 1.00 26.5 0.0 206.6 -[0.2 q.42 224.7 1.07 268.3 -3.[ 6.37 9.14 48.4 -2.26 231.0 -2[.2 8.23
&0890.0 1970 _CT 30.5 0.9q 36.5 0.0 214.2 -13.7 5.4[ 225.4 1.06 269.1 -3.[ 6.4_ 9.14 48.8 -2.25 23[.4 -21.3 8.[7
40900.0 1970 N3V 9.5 0.9g 46.5 0.0 224.1 -15.8
40910.0 1970 N3V 19.5 0.99 56.5 0.0 23&.3 -19.4
40920.0 [970 NOV 29.R 0.99 66.7 0.0 244.9 -2I.%
40930.0 [970 DEC 9.5 0.98 76,9 0.0 255.7 -22.8
40940.0 1970 DEC 19.5 0.98 87.0 0.0 266.8 -2].&
40950.0 1970 OEC 29.5 0.98 97.2 0.0 277.9 -23.3
40960.0 197| JAN 8.5 0.98 lOT.& 0.0 288._ -22,3
40970,0 [97[ J_N [8.5 O.q@ 117.6 0.0 299.7 -20.5
40980.0 1971 JAN 28.5 0.98 I27.8 0.0 310.2 -18.3
40990.0 1971 FEB 7.5 O,qq 137.9 0.0 320.4 -lE.5
4[000.0 1971 FEO [7.q 0.99 148.0 0.0 330.2 -12.2
410[0.0 1971 FEB 27._ 0.99 158. l 0.0 339.8 -8.5
41020.0 197[ MA_ 9°5 0.99 168.1 0.0 _49, l --_._
41030.0 [971 _AR 19.5 [.00 178.1 0.0 358.3 -0.8
41040.0 1971 MAR 29._ [.00 188.0 0o0 7.4 3.2
41050.0 1971 APR 8.5
a[O_O.O 1971AP_ [8.5
41070.0 1971APR 28.5
41080.0 1971 MAY 8.5
41090.0 1971 WAY 18.5
5.41 226.2 1.05 289.8 -3.1 6.40 9.14 49.1 -2.2% 231.8 -21.4 8.[5
5.41 227.0 1.04 270.6 -3.[ 6.39 _o14 49.5 -2.23 232.2 -21.5 8.[_
5.41 227.8 1.03 271.4 -3.1 6.3 _ 9.13 4q.9 -2.23 232.5 -21.5 8.20
q.41 228.8 1.02 272.1 -3.1 6.29 9.[3 50.2 -2.22 232.9 -21.7 8.26
5.40 229.3 1.01 272.9 -3.[ 6.2| q,13 g0.6 -2.2[ 233.3 -21.8 R.36
5.40 230.1 1.00 273.7 -3.1 6.11 q.13 qO.g -2.2[ 233.7 -21.9 8.48
q.48 230.8 0.99 274.5 -3.1 6.00 q.[3 51.3 -2.20 23%.0 -22.0 8.62
5.43 2_|.6 0.98 275.2 -3.1 5.87 9.[2 5[.7 -2.19 234.% --22.1 8.77
5.3_ 232.6 0.97 276.0 -3.1 5.72 0.12 52.0 -2.[R 236.8 --22.2 8.93
5.39 233.1 0.9_ 276.8 -3.0 5._7 9.12 52.4 -2.18 235.2 -22.3 9.10
8.39 233.9 0 .94 277.5 -3.0 5.41 9.12 82.8 -2.[7 235.6 -22.4 9.26
5.3g 234,7 0.93 278.3 -3.0 5.25 9.12 53.] -2.16 ?36.0 -22.5 _.42
_,39 235,5 0.92 279.1 -3.0 5.09 9.11 _3.5 -2.]5 236.3 -22.6 9o_7
5.38 236.2 0.90 279.9 -3.0 4.93 9.11 53.9 -2.14 236.7 -22.7 9.7]
5.38 237.0 0.89 280.6 -3.0 4.7g 9.11 54.2 -2.14 237.[ -22.8 9.83
1.00 197.8 0.0 16.5 7.0 8.38 237°8 0.88 281.4 -3.0 4.65 9. I! 54.6 -2.13 237.5 -22.9 9.93
1.00 207.7 0.0 25.7 10.5 5.39 238.6 0.86 282.2 -3.0 4.54 9.11 55.0 -2.12 237.9 -22.q 13.0[
1.01 217.4 0,0 35.1 14.0 5.37 239,3 0.85 283.0 -3.0 4.&5 9.|0 58.3 -2.11 238.3 -23.0 10.07
1.01 227.| O. 0 44.6 17.0 K,37 240.[ 0.84 283.8 -3.0 4.39 9.10 R5.7 -2.10 238.7 -23.1 10.10
1.0[ 236.7 0.0 54.5 19.4 5.37 240.9 0.82 284.g -3.0 4.36 9.10 56.1 -2.09 239.0 -23.2 10.1[
41100.0 1971 MAy 28.5 1.01 246.4 0.0 64.5 21.4 5.36 241.7 0.81 285.3 -3.0 4.36 9.10 56.4 -2,09 239.4 -23.3 [0.10
47110.0 197] JUq 7.5 1.01 2_.g 0.0 74.7 22.7 5.36 242.5 0.80 286.[ -2.9 4.38 g.[0 56°8 -2.08 239.8 -23.4 L0.06
41120,0 1971JUN 17.5 1. 02 265.5 0,0 85.[ 25.4 5o36 243.2 0.78 286°9 -2.g 4.44 9.09 57,2 -2.07 240,2 -23.4 [0.00
4[[30.0 [971JU_ 27.5 1.02 275.0 0.0 95.5 23.4 5.36 244.0 0.77 287.7 -2.9 4.52 9.09 57.5 -2.06 240.6 -23.5 9.92
47140.0 [971 JUt 7.5 1.02 284.6 0.0 105.8 22.7 8.35 244°8 0o78 288.5 -2.9 4.62 9.09 57.9 -2.05 241.0 -23.6 q. R2
41150.0 1971 JUL 17.5 1.02 294.1 0.0 116.0 2[.3 5.35 245,6 0.74 289.2 -2.9 4.74 9.09 58.3 -2.04 241.4 -23.7 9.70
41160.0 1971JUL 27o5 1.02 303.6 0,0 126o0 19.3 5.35 246°4 0.72 290.0 -2.9 4.87 9.09 _R,6 -2.03 241.8 --23.8 q._6
4[170.0 1971 AUG 6.5 1.0] 313.2 O. 0 135.7 15.Q 5.84 247.2 0.7| 290.8 -2.9 5.02 9.09 59,0 -2, 02 242.2 -23.8 9.41
4[[80.0 1971 AUG 16.5 [.01 322,8 0.0 145.2 13o9 5.34 248.0 0.69 291.6 -2.9 5.[7 9.08 59.4 -2.01 242.6 -23.9 9.26
_1190.0 197[ AUG 26.5 1.0[ 332,4 0,0 154.4 10.6 5.34 248,7 0.68 292.4 -2.8 5.32 9.08 59.8 -2.00 243.0 -24.0 9.09
41200.0 1971 SEP 8.5 1.01 342.1 0.0 163o5 7.0 5.34 249°5 0.66 293.2 -2.8 5.47 9.08 60.1 -1.99 243,4 -24.1 8.93
&1210.0 197[ SEP 15,5 1.01 351.8 0o0 172.5 3.2 5.33 250.3 0.65 294.0 -2.8 5.62 g.08 60.5 -1.98 243.8 -24.[ R.76
41220.0 1971 SEP 25.5 1.00 1.6 0.0 181,5 -0.6
4 1230.0 I971 3CT 5._ l. O0 II.4 0.0 190.5 -_.5
41240.0 197[ DCT 15.5 1.00 21.3 0.0 199.7 -8*3
41250,0 1971 OCT 25.5 0,99 31.3 0.0 209.1 -11,9
4[260.0 1971 _]V 4.5 0.99 4[,3 0.0 218.8 -15,2
41270.0 1971 NOV 14.5 0.99 51.3 0o0 228.9 -18,[
41280.0 1971 NOV 24.5 0.99 61.4 Oo 0 239.3 -20.5
41290.0 1971 DEC 4.5 0.99 71.8 0.0 250,0 -22.2
41300,0 197[ OEC 14.5 0.98 81.7 0,0 261.0 -23,2
41310.0 1971 0_C 24.5
41320,0 1972 JAN 3,8
41330*0 L972 JAN 13._
41340.0 1972 JAN 23.5
5.33 251.1 0.63 294.8 -2.8 5.76 9.08 60.9 -1.97 244.2 -24.2 8._I
5.33 25[.9 0.62 298,6 -2.8 8.88 g.08 61,2 -1.96 244.5 -24.3 R.%7
5,32 252.7 0.60 296.3 -2.7 6.00 9.07 6L.6 -1.g5 244*9 -24,% 8,34
5.32 253.5 0.58 297.1 -2.7 6.09 9.07 62.0 -1.94 245.3 -24.4 8.23
5.32 254.3 0.57 297.9 -2,7 6.17 9,07 62.3 -[.93 245.7 -2%.5 8.[5
5o31 255.1 0,55 298_7 -2.7 6.23 g.07 62.7 -1.92 246.1 -24.6 8.10
5.31 255.9 0.53 299.5 -2.7 6.27 9.07 63.1 -1.9| 266.8 -24.6 8.08
8.31 256.7 0.52 300.3 -2.6 6.29 9.07 63.4 -[.90 246.g -24*7 8.09
5.80 257.5 0.50 301.1 -2.6 6.29 9.07 63.8 -I,89 247.3 -24.8 8.13
0.98 91.9 0.0 272.0 -2_.% 5.33 258.3 0.48 301.9 -2.6 6.26 9.06 6&.2 -1.88 247.7 -24.8 8.2[
0.98 102.0 0.0 _83,1 -22.9 5.38 259,1 0.47 302.7 -2o6 6.21 9.06 64.6 -1.87 248.1 -24.9 8.30
0.98 172.2 0.0 294,0 -21.6 5.29 259.g 0.45 303,_ -2.6 6,[5 9.06 64,9 -1.86 248.5 -24.9 8.43
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DATE R LONG tAT RAS
1972 FEB 2,5 18.36 195.3 0.66 355.6
1972 FEB 12.5 18.36 19S.5 0.66 355.6
1972 FEB 22.5 18.36 195.6 0.66 3_%6
1972 MAR 3.8 18.36 195.7 0,66 355.6
1972 qAR 13.5 18.36 I95.9 0._6 3_5.5
[972 MAR 23.5 18.36 196.0 0.65 355.5
I972 A_R 2.5 18.36 196.[ 0.65 355.5
1972 APR 12.8 18.36 ig6.2 0.55 355.5
I972 APR 22.5 18.36 I96.4 0.65 355.4
[972 WAY 2.5 18.36 196.5 0.65 355,4
1972 MAY 12.5 18.36 196o6 0.65 355,4
1972 _AY 22.5 18.36 196.8 0.65 385.4
1972 JUN 1.5 18.37 196og 0.65 355.4
1972 JUN 11.5 18.37 197.0 0.65 355.3
I972 JU_ 21.5 18.37 197.1 0.65 355.3
I972 JUt 1.5 18.37 197.3 0.64 355.3
1972 JUL 11.5 18.37 I97.4 0.64 3_5.3
1972 Jut 21.5 18.37 197.5 0.64 355.2
1972 AUG 0._ 18.37 I97.6 0.64 355.2
1972 AUG ID.5 18.37 197.8 0.64 355._
1972 AUG 20.5 18.37 197.g 0.64 355.2
1972 AUG 30.5 18.37 I98.0 0.64 3_5.1
[972 SEP 9._ 18.37 198.2 0.64 3_S.I
I972 SFP lq.5 18.38 198.3 0.64 _5_.I
1972 SEP 29.5 18.3R 198.4 0.64 355.1
1972 OCT 9.5 18.38 198.5 0.64 355.0
I972 3CT Iq.5 18.38 198.7 0.63 355.0
1972 OCT 29.5 18.38 198.8 0.63 355.0
1972 NOV 8.5 [8.38 198.0 0.63 355.0
1972 N3V 18.5 18.38 199,1 0.63 3_4. g
1972 NOV 28.5 18,38 I99.2 0,63 354.9
1¢)72 DEC 8.5 IR.38 199.3 0.63 354.9
1972 DEC 18.5 18.3_ lqq. 4 0.63 354.9
1972 DEC 28.5 18.3R I99.6 0.63 354.8
lqT3 JA_ 7.5 18.39 199.7 0.6_ 354.8
19T3 JAN 17.5 18.39 199.8 0.63 354.8
1973 JA_ 27._ 18.39 [Og, q 0.62 354.8
1973 F_B 6.8 18.39 200.1 0.62 354.7
1973 _EB [6.5 18._q 200.2 0.62 354.7
1973 FED 26.5 18.3_ 200.3 0.62 354.7
I973 WAR 8.5 18.39 200.5 0.62 354.7
1973 _A_ 18.5 18.39 200.6 0.6_ 354.6
1973 WAR 28.5 18.39 200.7 0.62 354.6
1973 APq 7.5 18.39 200.8 0.62 354.6
1973 AR_ 17.5 18.39 201.0 0.62 354.6
I973 APR 27.5 18.40 201.1 0.61 354.8
1973 WAY 7.5 18.40 201.2 0.61 354.5
1973 MAY 17.8 18.40 201.3 0,61 354,5
[973 _AY 27.5 18.40 201._ 0.61 354.5
I973 JUN 6.5 18.40 201.6 0.6[ 354,4
1973 JUN 16,5 lfl.40 201.7 0,61 354.4
1973 JUN 26,5 18.40 201.9 0.6[ 354.4
1973 JUt 6.5 18.4_ 202.0 0.61 3_4.4
[973 JUL 16._ 18.40 202.1 0.61 354.3
1973 JUt 26.5 18.40 202.2 0.61 354,_
[973 AUG 5._ 18,4[ 202.4 0.60 354.3
I973 AUG 15.5 18.4[ 202.5 0.60 354._
I973 AUG 25.5 18.41 202.6 0.60 354.2
I973 SEP 4.5 18.41 202.7 0.60 354.2
1973 SE p 14.5 18.41 202.g 0.60 354.?
1973 SEP 24.5 18,41 203.0 0,60 354.1
1973 3CT 4.5 18.41 203.1 O. SO 354,1
1973 OCT 14.5 18.41 203.3 0.60 354.1
[973 3CT 24*5 18.41 203.4 0.60 354.1
1973 N3V 3.5 18.41 203.5 0,89 35_.0
1973 N3V 13.5 18.42 203.6 0,59 354.0
[973 _3V 23._ 18.42 203.8 0.59 354.0
1973 DEC 3.5 18.42 203.g 0.59 354,0
1973 OFC 13,5 18.42 204.0 0.59 353.9
1973 DEC 23.5 18.42 204. I 0.59 353.g
1974 JAN 2.5 18.42 204.3 0.59 353.9
1974 JA_ 12.5 18.42 204,4 0.59 353.0
1974 JAN 22._ 18.42 204.5 0.59 353.8
1974 FEB 1.5 18,42 204.7 0.58 353.8
1974 FEB 11,5 18,42 204.8 0.58 3_3.8
1974 FEB 21.5 [8.43 204.9 0.58 353.7
1974 MAR 3.5 18,43 205.0 0.58 353,7
1974 MAR 13.5 18.43 205.2 0.88 353.7
1974 WAR 23.5 [8.43 205.3 0.58 353.S
[974 APR 2.5 18.43 205.4 0.58 353.6
[974 AP:_ 12.5 18.43 205.5 0.58 353.6
1974 ARR 22,5 18.43 205.7 0,58 353,6
[974 MAY 2.5 18o4_ 205.8 0.57 353.5
1974 _AY 12.5 18.43 205.9 0.57 353.5




OECS COIST R LONG LAT RAS DECS CDIST
PLUTO
R tON3 tAT RAS OECS EDIST
28.9 17.93 33.30
29.0 17.79 39.30




















31._ 19.24 3D.30 244.3
31.7 lg.31 30.30 244.4
31._ 19.36 38.30 244.5
32.0 1_.37 33.30 244.5
3_.l 19.37 33.30 2_4.6
32.2 19.33 30.30 244.6
3_._ 19.27 33.30 244.7
3_.5 19.18 33.30 244.7
32.6 19.07 30*33 244.8
32.T 18.94 30.33 244.9
32.9 18.79 30.30 244.9
33.3 18.63 30.30 245.0
33.1 18.46 33.30 245.0
33*2 18.29 30.30 245.1
3_._ 18.12 33.30 245.2
33.5 17.96 33.3O 245.2
33.6 17.8l 30.30 245.3
_3.T 17._8 30.3O 245.3
33.9 17.56 30*30 245.4
34.3 17.4_ 30.30 24_.5
34.1 17.42 30.30 245.5
34.3 17.39 30.30 245.6
34._ 17.40 30.30 245.6
3_.5 17.43 3D.30 245.7
34.6 17.49 33.33 245*7
34._ 17.58 30.30 245.8
3_.q 17.69 33.30 245.9
)5.0 17.82 33.30 245.q
3_.1 17.97 30.30 246.0
35._ 18.12 33.30 246.0
35._ 18.29 38.30 246.1
35.5 18.46 33.30 246.2
_5._ tB.62 33.30 246*2
38.B 18.78 33.30 246.3
3_.9 13.93 3_.30 246.3
36.0 19.06 30.30 246.4
35.1 19.18 30.30 246.5
35._ 19.27 33.30 246.5
36.4 [9.34 30.30 246.6
_6.5 19.39 33.30 246.6
36.6 19.41 30.30 246.7
36.8 19.40 33.30 246.7
38.9 1_.36 33.30 246.8
37.0 19*30 33.30 246¸.9
37.1 1_.21 33*30 246.9
37.3 19.10 30.30 247*0
37._ 18.97 30*30 247.0
37.8 18.82 30.29 247.[
37.6 IB.66 33.29 247.2
_7.8 1_.4_ 3).29 247.2
37.9 [8.32 30.29 247.3
38.0 18.15 33.29 247.3
38.1 17.99 30.29 247*4
38.3 17.84 33.29 247.5
38.4 17.71 33.29 247.5
38.5 17.60 30.29 247.6
38.5 17.52 30.29 247.6
38.8 17.46 33.29 247.7
38.9 17.43 38.29 247.7
39.0 17.43 33.29 247.8
39.1 17.47 30.29 247.9
39._ 17.53 33.29 247.9
39.4 17.61 30.29 248.0
243.0 1.65 229.6 -22.7
243.1 1.6_ 229.6 -27.7
243.2 1,65 229.7 -22.7
243.2 1.65 229.8 -22.8
243.3 1.65 229,8 -22.R
243.3 1.64 229.9 -22.8
243.a 1.6& 229.9 -22.8
243,5 1.64 230.0 -22.8
243.5 1.64 230.1 -22.9
243.6 1.6& 230.1 -22.9
243.6 [.64 230.2 -22.9
243.7 1,64 230.2 -22.9
243.7 1.64 230.3 -22.9
243.8 1.64 230.4 -22.9
243.9 1.64 230.4 -23.0
243.9 1,64 230.5 -23.0
244.0 1.64 230,5 -23.0
244.0 1.64 230.6 -23.D
30.66 31.26 180.2 16,22 136.9 0.0 30.63
30.49 31.25 180.3 16.23 136.9 0.0 30.51
30.32 3[.2S 180.4 lf. 24 137,0 0.0 30.41
30.15 31.24 180.4 16.24 137.1 0.0 30.34
29,98 31.24 180.5 16.25 137.1 O.O 30.30
29.82 31.24 180.5 16,25 137.2 0.0 30.28
29.68 31.23 180.6 16.26 137.3 0.0 30.29
29.55 3[.23 180.7 16.27 137.3 0.0 30.34
29.4_ 31.22 180.7 16.27 137.4 0,0 30.40
29.37 3[.22 180.8 16.28 137.4 0.0 30.50
29.31 31o21 1_0.g 16.28 137,5 0.0 30,61
29.29 31.21 180.9 16.29 137.6 _,0 30.74
29,2g 3[*20 [81.0 16.30 137,_ 0.0 30.88
29.33 3 _ 20 181,1 16.30 137.7 0.0 3].03
29.39 31.19 181.I 16,31 137.7 0,0 31.19
29.48 3[o[g 181.2 16.31 [37.8 0,0 31.35
29,59 31.18 IB].2 16.32 137,9 0.0 31.50
29.72 31.18 181.3 16.32 137.9 0,0 31.64
244.[ 1.64 230.7 -23.0 29.R7 31.17 181.4 16.33 138.0 0.0 31.77
244.2 1.64 230.7 -23.1 30.03 31.17 181.4 16.34 138.1 0.0 _1.88
244,2 1,63 230.8 -23.1 30*20 31,16 181.5 16.34 138.1 0.0 31.97
244.3 1.63 230*8 -23.1 30.36 31.16 181,6 16.35 [38.2 0.0 32.04
1.63 23D.q -23.1 30.53 31.15 181.6 16.35 138.2 0.0 32.09
1.63 231.0 -23.1 30.69 31.15 181.7 16.35 138.3 3.0 32.11
1.63 231.0 -23.1 30.84 31.14 181.8 16.36 138.4 0.0 32.10
1.63 231.1 -23.2 30.97 31.14 181.8 1 _ 3 7 138.4 0,0 32.07
1.63 23[.2 -23.2 31.08 31.14 181.9 16.38 138.5 0.0 32.01


























































31.24 31.[3 182.0 16.39 138.6 0.0 31.a2
31.28 31.12 182.1 16.39 138.7 0.0 31.69
31.28 31.12 182.1 16.40 138.7 0.0 31.54
31.26 31.1l 182.2 16.40 138.8 0,0 31.38
31.22 31.11 182,3 16.41 138.9 0,0 31.22
31.14 31.10 182.3 16,42 138.9 0.0 31.05
31,04 31.10 182.4 16.42 139.0 0.0 30,88
30.91 31.09 182.5 16.43 139,0 0,0 30,71
30.77 31.09 182.5 16.43 139.1 0.0 30.56
30.61 31.08 182.6 16.44 139.2 O,O 30.43
30.4_ 31.08 182.7 16.44 139.2 0.0 30.31
30.28 31.07 182.7 16.48 139.3 O.D 30.22
30,10 31.07 182.8 16.45 139.4 0.0 30.I_
29.94 31.07 182,q 16.46 139.4 0.9 30.12
29.78 31.06 182.9 16,46 139,5 O.O 30.11
29.64 31.06 183.0 16.47 139,5 O,O 30.13
29.52 31.05 183.0 16.47 139,6 0.0 30.18
29.42 31,05 183.1 16.48 139.7 O,O 30.25
29.35 3L.04 183.2 16.49 13q.7 0.0 30.35
29.30 31.04 183.2 16.49 139.8 0.0 30.47
2q.28 31.03 IR3.3 16.50 139.8 O.O 30.60
29.30 31,03 183.4 16,50 139.9 0,0 30.74
29,34 31,02 183,4 16.51 140.0 0,0 30.90
29.41 31.02 183.5 [6.51 140.0 0.0 31.05
29.50 31.02 183.6 16.52 140.1 0.0 31.21
29.62 3[.01 189.6 16,52 140,2 0.0 31.36
29.75 31.01 185.7 16.53 140.2 0.0 3[.53
29.91 _l. O0 183.8 16.53 140,3 0.0 31.62
30.07 31.00 183.8 16._4 140.3 0o0 31.73
30.23 30.99 183.9 16,54 140.4 0.0 31,82
30.40 30.99 184.0 16,_5 140.5 0.0 31.89
30.57 3_ 98 18&.O 16.55 14D,5 0.0 31,93
30.73 30.98 184.1 16.56 140.60.D 31.94
30.87 30.97 184,_ 16.55 140.7 0.0 31.93
31.00 30.97 184.2 16,57 140.7 O.O 31.89
31.11 30.97 184.3 16,57 140.8 0.0 31.82
31.19 30.96 184.3 16.58 140.8 0.0 31.73
31.25 30.96 184.4 16.58 140.9 0.0 31.62
31.28 30.95 184.5 16.59 14[.0 0.0 31.49
31.28 30.95 184,5 16o_9 141.0 0.0 31.34
31.25 30.94 184.6 16.60 141.| O.O 31.18
31.19 30.94 184.7 16.60 141.2 0.0 31.01
3[.11 30.93 184.7 16.61 141.2 0.0 30.84
31.00 30.93 184.8 16.61 141.3 0.0 30.57
30.87 30.93 184.9 16.62 141.3 O.O 30.51
30.73 30.92 184.9 16.62 141.4 0.0 30.36
30.57 30.92 185.0 16.63 141.5 0.0 30.23
30.40 30,91 185.1 16.63 141.5 0.0 30.12
30.23 30.91 18_.1 16,64 141.6 0.0 30.04
3D.06 30,90 185.2 16,64 141.7 0.0 29.98
29.89 30.90 185,3 16,64 14[.7 0.0 29,95
29.74 30.89 185.3 16.65 14[,8 0.0 29.95
29.60 30.89 185.4 16.65 14[.8 0.0 29.07
29.49 30,8g 185.5 16,66 141.9 0.0 30.03
29.39 30.88 185.5 [6.66 142.0 0,0 30.11
29.33 30.88 185.6 [6.67 [42.0 0.0 30.21







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DATE _ LON_ L&T RAS
1974 JUN 1.5 18.44 206.2 0.57 353.4
1974 JUN 11.5 18.44 206.3 0.57 353.%
1974 JUN 21.5 18.44 206.4 0.57 353.4
1974 JUL 1.5 18.44 206.6 0.57 353.4
1974 JUL 11.5 18.44 206.7 0.57 353.3
1974 JUL 21.5 18.44 206.8 0.57 353.3
1974 AUG 0.5 18.44 206.9 0.56 353.3
L974 AUG _0.5 18.44 207.1 0.56 353.2
1974 AUG 20.5 18.45 207.2 0.56 35342
1974 AUG 30.5 18.45 207.3 0_56 353.2
1974 SEP 9.5 18.45 207.4 0.56 353.1
1974 SEP 19.5 18,45 207.8 0.56 353.1
1974 SEP 29.5 18.45 207.? 0.56 353.1
1974 3CT 9.5 18.45 207.8 0.56 353.1
1974 3CT 19.5 18.45 208.0 0.55 353.0
1974 3CT 29.5 18.45 208.1 0.55 353.0
1974 _3V 8.6 18.45 208.2 0.55 353.0
1974 _3V 18.5 18.66 208.3 0.55 352.9
1974 _3V 28.5 18.46 208.5 0.55 352.9
1974 OEC 8.5 18.46 208.6 0.55 352.9
1974 DEC 1"8.5 18.46 208.7 0.55 352.8
1976 DEC 28.5 18.46 208.8 0.55 352.8
1975 JAN 7.5 18.46 209.0 0.55 352.8
1975 JAN 17.5 18.46 20001 0.54 352.7
1975 JAN 27.5 18.46 209.2 0.5% 352.7
1975 FEB 6.5 18.46 209.3 0.54 352.7
1975 FEB 16.5 18.47 209.5 0.54 352,6
1975 FEO 26.5 18.47 209.6 0.54 352.6
1975 MA:_ 8.5 18.47 209.7 0.54 352.6
19_75 MAR 18.6 18.47 20q.q 0.54 352.5
1975 MAR 28.5 18.47 210.0 0.54 352.5
1975 A_'R 7.5 18.47 210.1 0.53 352,5
1975 A_ 17.5 18.47 210.7 0.53 352.6
1975 APR 27.5 18.47 210.4 0._3 352.4
1975 MAY 7.5 18.48 210,5 0.53 352.4
1975 MAY 17.5 18.48 210.6 0.53 352.4
1975 MAY 27.5 18.48 210.7 0.53 352.3
1975 JUN 6.5 18.48 210.9 0,53 352.3
1975 JUN 16.5 18.48 211.0 0.53 352.3
1975 JUN 26.5 18.48 211.1 0.52 352.2
1975 JUL 6.5 18.48 211.2 0.52 352.2
1975 JUL 16.5 18.48 211.4 0.52 352.1
1975 JUt 26.5 18.49 211.5 0.62 352.1
1975 AUG 5.5 18.49 211.6 0.52 352.1
_975 AUG [5.5 18.49 211.7 0.52 352.0
1975 AUG 25.5 18.49 211.9 0.52 352.0
1975 5EO 4.6 18.49 212.0 0.52 352.0
1975 SFP 14.5 18.49 212._ 0.51 351.9
1975 SFP 24.5 18._9 2[2.3 0.51 351.g
1975 3CT 4. _ 18.49 212.4 0.51 351.9
I975 3CT 14.5 I8.50 212.5 0.51 351.8
1975 3CT 24.6 18.50 212._ 0.51 _51.8
1975 N3V 3.5 18.50 212.8 0.5[ 351._
1975 _3V 13.5 18.50 212.9 0.51 3_1.7
197_ N3V 23.5 18.50 213.0 0.51 351.7
1975 DEC 3.5 18.50 213.1 0.50 351.7
1975 DEC 13.q 18.50 213_3 0,50 351.6
1975 DEC 23.5 18,50 213.4 0.50 351.6
1976 JA_ 2.5 18.51 213.5 0.50 351.5
1976 JAN 12.5 18.61 213.6 0.50 351.5
1976 JAN 22.5 18.51 213.8 0.50 351.5
1976 FEB 1.5 18.51 213.9 0.50 351.4
1976 FF8 11.5 18.51 214.0 0.49 351.4
1976 FIB 21.5 18.51 214.1 0.49 361.&
1976 MA_ 2.5 18.51 214.3 0.49 3r51.3
1976 _AR 12.5 18.51 214.4 0.49 351.3
1976 UAR 22._ 18.52 214.5 0.49 351.2
1976 APR 1.5 18.62 214.6 0.49 3_I.2
_976 APR II.5 18.52 214.8 0.49 351.2
1976 AC=_ 21.5 18.52 214.9 0.49 351.1
1976 MAY 1.5 18.52 215.0 0.48 351.1
1976 _AY 11.5 18.52 215.1 0.48 361.1
1976 _AY 21.5 18.52 215.3 0.48 351.0
1976 JUN 0.5 18.52 215.4 0.48 351.0
1976 JUN 10.5 18.63 215.5 0.48 350.9
1976 JUN 20.5 18.53 215.6 0.48 350.9
1976 JUL 0.5 18.53 215.8 0.48 350.9
1976 JUL 1'0.5 18.53 215.9 0.47 350.8
1976 3UL 20. _ 18.53 216.0 0.47 350.8
1976 JUL 30.5 18.53 216.2 0.47 350.7
1976 AUG 9.5 18.53 216.3 0._7 350.7
1976 AUG 19.6 18.54 216.4 0.47 35'0.7
[976 AUG 2q.5 18.64 216.5 0.47 350.6
1076 SEP 8.5 10.64 216.7 0.47 350.'_
1976 SEP 18.5 18.54 216.8 0.47 350._
PLANETARY EPHEMERIS
HELIOCENTRIC ECLIPT IC COORDINATES
NEPTUNE
OECS COIST R LONG LAT 8AS DECS CO IST
39.5 1.7.72 33.29 248.0
39.6 17.85 30.29 248.1
39.8 18.00 30.29 248.2
39.9 18.16 33.29 248.2
%0.0 18.33 33.29 248.3
40.l 18.49 30.29 248.3
60.3 18.66 33.29 248.4
60.6 18.82 30.29 248.5
%0.5 18.97 33.29 248.5
40.5 19.10 30.29 248.6
40.8 19.22 30.29 248.6
40.9 19.31 30.29 248.7
41.0 19.38 30.29 248.8
41.1 19.43 30.29 248.8
41.3 19.45 30.29 248.9
41.6 19.44 30.29 268.9
41.5 19.40 33.29 249.0
61.5 19.34 30.29 249.0
41.8 19.25 30.29 249.1
61.9 19.14 30.29 249.2
42.0 19.01 30.29 269.2
4_.1 18.86 33.29 249.3
42.3 18.70 30.29 249.3
42.4 18.53 30.29 269.4
42.5 18.36 30.29 249.5
_.5 18.19 33.29 269.5
42.8 18.03 30.29 24q.6
42.9 17,88 30.29 249.6
43.0 17.75 30.29 249.7
_3.1 17.54 30 .29 249.8
43.2 17.56 30.29 249.8
43._ 17.50 33.29 249.9
43.5 17.47 30,29 249.9
43.5 17.47 30.20 250.0
43.7 17.51 33.29 250.0
43.9 17.57 30.29 250.1
_.0 17.65 30.29 250.2
44.1 17.76 33.29 250.2
64.2 17.90 30.29 250.3
(_%._ 1_.04 30.2q 250.3
44.5 18.20 33.29 250.4
44.5 18.37 30 .29 250.5
4_..7 10.53 3_.29 250.6
_6.g 18.70 33.29 250.6
45 .0 18 .85 33 .29 250.6
45.l 19.01 30 .29 250.7
45.2 I_.14 33.29 250.8
45.4 19.26 30.29 250.8
_5.5 1:9.35 30.29 250.9
_5,5 1_.43 30.29 250.9
45.7 19.47 30.29 251.0
_5.fl 19.49 30.29 251.0
46.0 19.48 30.29 251.1
45.1 19.45 30.20 251.2
45.2 19.38 33 .29 251.2
46.3 19.29 30 .29 251.3
g5.5 19.18 33.29 251.3
46.6 19.05 30.29 251.4
45.7 19.93 33 .29 251.5
46.8 18.74 30.29 251.5
47.0 18.57 30.29 251.6
_7.1 I_.40 31.29 251.6
47.2 [8.24 30.29 251.7
47.3 18.07 30.29 251.8
47.5 17.93 30.29 251.8
%7.5 17.83 30,29 251.9
47.7 17._9 33.29 25L.9
47.8 17.60 30.29 252.0
%7.q 17.54 30.29 252.0
68.I 17.52 30.29 252.1
48.2 17.52 33.29 252.2
_.3 17.55 33.28 252.2
_8._ 17.61 30 .28 252.3
48._ 17.70 33.28 252.3
48.7 17.01 33,28 252. a
48.8 17.94 33.28 252,5
_3.9 15.39 33,?8 252.5
49.1 18.25 30.28 252.6
49,2 18.4[ 30.28 252.6
49.3 18.5_ 33.28 252.7
49.4 18.75 30,28 252.8
_9.5 18.91 30.28 252.8
49.7 Iq.05 30.28 252.9
49.8 19.19 30.28 252.9
%) .) I) .31 33.28 253.0
1.58 234.8-24.2 29.28
1.58 234.8 -24.2 29.30
1.58 234.9-24.2 29.35
1.58 235.0 -24.2 29.42
1.58 235.0 --24.3 29.53
1.58 235.1-24.3 29.65
1.58 235.2 -24.3 29.79
1.58 235.2 -24.3 2q.q4
1.58 235,3 -24.3 30.10
1.58 235.3 -24.3 30.2?
1.58 235.4-24.3 30.44
1.58 235.5 -24.4 30.61
1.57 235.5 -24.4 30.76
1.57 235.6 -24.4 30.90
[.57 235.7 -24.4 31.OZ
1.57 235.7-24.4 31.12
1.57 235.8 -24.4 31.20
1.57 235.8 -24.5 31.25
1.57 235.9 -24.5 31.28
1.57 236.0-24.5 31.27
1,57 236.0 -24.5 31.2_
1.57 236.1 -24,5 31.17
1.57 236.1 -24.5 31.08
1.57 236.2 -24.6 30.97
L.56 236.3 -24.6 30.83
1.56 236.3-24.6 30.68
1.56 236.4 -24.6 30.52
1.56 236.5 -24.6 30.35
1.56 236.5 -24.6 30.18
1.56 236.6 -24.6 30.01
1.56 236.6-24.7 29.85
1.56 236.7 -24.T 29.70
L. S6 236.8 -24.7 29.57
1.56 236.8 -24.7 29,46
1.56 236.0 -24.7 29.37
1.55 237.0 -24,7 29.31
1.55 237.0 -24.8 29.28
1.5 _ 237,1-74._ 20.28
1.65 237.1 -24.8 29.31
1,55 237.2 -24,8 29.36
1.55 237.3 -24.8 29.44
1.55 237.3 -24.8 29.55
L,55 237.4 -24.9 29.68
1.55 237.5 -24.9 29.02
1.55 237.5 -24.9 29.98
1.55 237.6 -24.g 30.14
1.55 237.7 -24,9 30.31
[.54 237.? -24.q 30.48
1.54 237.8 -24.q 30.64
1.54 237.8 -25.0 30.79
1.54 237.9 -25.0 30.93
1.54 238.0-25.0 31.05
1.54 238.0 -25,0 31.14
1.54 238.1 -25.0 31.21
1.54 238.2-26.0 31.26
1.54 238.2 -25.0 31.27
1.54 238.3 -25. l 31.26
1.54 238.3 -26.1 31.22
1.$3 238.4--26.1 31.16
1.63 238.5-25.1 3[.05
1.53 238.5 -25.1 30.03
1.53 238.6 -26.1 30.79
L.53 238.7 -25.2 30.64
1._3 238.7 -2_.2 30.47
1.53 238.8 -2_.2 30.30
1.53 238.8-25.2 30.13
1.63 238.q -25.2' 29.96
1.53 239.0 -2_.2 29. R0
1.53 239.0 -26.2 2q.66
1.52 239.I -25.3 29.53
1.52 239.2 -25.3 29.43
1.57 23g.2 -25.3 29.35
1.52 239.3 -25.3 29.30
1.52 239.4 -25.3 29.27
1,52 239.4 -25.3 29.?8
1.52 234.5-25.3 29.31
1.52 239.5-26.4 29.37
1.52 239.6 -25.4 29.46
I._2 239.7-25.4 29.57
1.51 239.7 -25.4 20.71
1.51 239o8 -25.4 29.85
1.51 23g.g -25.4 30.01
1.51 239.9 -25.4 30.18
1.51 240.0 -25.5 30.35
1.51 240.0 -29.5 30,52
PL_TO
R LON; LAT RAS OECS CDIST
30.87 185.7 16.68 142.2 0.0 30.47
30.86 185.8 16.68 1%2.2 0.0 30.62
30.86 185.8 16.6g 142.3 0.0 30.77
30.86 185.9 16.69 142.4 0.0 30.93
_0.85 186.0 16.69 142.4 0.0 31.08
30.85 186.0 16.70 142.5 0.0 31.23
30.84 L86.[ 16.70 142.5 0.0 31.36
30.84 186.2 16.71 142.6 0.0 31.49
30.83 186.2 |&71 142.7 0.0 31.5q
30.83 186.3 16.72 142.7 0.0 31.67
30.83 186.4 16.?2 142.8 0.0 31.73
30. 82 186.4 16.73 142.9 0.0 31,77
30.82 186.5 16.73 L42.9 0.0 31.78
30.8l 186.6 16.73 143.0 0.0 31.76
30.81 186.6 16.74 143.0 0.0 31.71
30.80 186.7 16.74 143.1 0.0 31.64
30.80 186.8 16.75 143.2 0.0 31.55
30.80 186.8 16.75 143.2 0.0 31.43
30.7q 186.9 16.75 [43.3 3.0 3L.2g
30.79 187.0 16.76 143.4 0.0 31.14
30.78 187.0 16.76 143.4 0.0 30.98
30.78 187.1 16.77 143.5 0.0 30.81
30.77 187.2 16.77 143.6 0.0 30.64
30.77 18_ 2 L6.78 143.6 0.0 30.47
30.77 187.3 16.78 143.7 0.0 30.32
30.76 [87.4 16.78 143.7 0.0 30.17
30.76 187.4 16.79 163.8 0.0 30.05
30.75 187.5 16.79 143.9 0.0 29.94
30.75 187.6 16.80 143.9 0.0 29.86
30.75 187.6 t6.80 144.0 0.0 29.81
30.74 [87.7 16.80 144.1 0.0 29.79
30.74 187.8 16.8l 1_4. l 0,0 29.79
30.73 187.8 16.81 144.2 0.0 29.83
30.73 187.9 16.92 144.2 0.0 29.89
30.72 188.0 16.92 144.3 0.0 29.97
30.72 188.0 16.82 144.4 0.0 30.08
30.72 188.1 16,83 144.4 0.0 30.20
30.71 188.2 16.83 144.5 0.0 30.34
30.71 188.2 16.84 164.6 0.0 30.49
30.?0 188.3 16.84 144.6 0.0 30o6_
30.?0 188.4 16.84 144.? 0.0 30.81
30.?0 [88.4 16.85 16_.8 0.0 30.96
30.69 188.5 16.8_ 144.8 0.0 31.10
30.69 188.6 16.85 144.9 0.0 31.24
30.68 188.6 16.86 146.q 0.0 31.36
30.68 188.? 16.86 145.0 0.0 31.46
30.68 188.7 16.87 145.1 0.0 31.53
30.6? 188.8 16.87 145.1 0.0 31.59
30.67 I88.9 16.87 145.2 0.0 31.62
30.66 188.9 16.88 145.3 0.0 31.62
30.66 189.0 16.88 145.3 0.0 31.60
30.66 189.1 16.88 165.40.D 31.5 g
30.65 189.1 16.89 145.5 0.0 31.47
30.65 189.2 16.89 145.5 0.0 31.37
30.64 189.316.89 I%5.5 0.0 31.25
30.64 189.3 16. q0 145.6 0.0 31.11
30.64 18g._ 16. q0 165.7 0.0 30.95
30.63 18q.5 16.90 145.8 0,0 30.79
30.63 109.6 16.91 145.8 0.0 30.62
30.62 189.6 16.91 145.9 0.0 30.46
30.62 189.7 16.91 146.0 0.0 30.?9
30.62 I89.7 16.92 [4S.0 0,0 30.13
30.61 189.8 16.92 146.1 0.0 29.99
30.61 I89. q 16.92 146.2 0.0 29.87
30.60 189.9 16,93 146.2 0.0 29.77
30.60 190.0 16.93 146.3 0.0 29.70
30.60 190.l 16.g3 14_.4 0.0 29.$5
30.59 190.I 16+q4 146.4 0.0 29.64
30.5g [gO. 2 [6.9% 145.5 0.0 2q.65
30.58 Iq0.3 16.94 146.5 0.0 29.69
30.58 190.3 I6. q5 146.6 0.0 29.?6
30.58 190.4 16. q5 146.? 0.0 ?9.85
30.57 190.5 16.95 [46.7 0.0 29._6
30.57 i90.6 16.96 [45.8 0.0 30.09
30.56 190.6 16. g6 146.9 0.0 30.23
30.56 190.7 16.96 146.9 0.0 30.38
30.56 lq0.8 16.96 147.0 0.0 30.56
30.55 190.8 16. g7 [47.l 0.0 30.6q
30.55 1g0.9 I6._7 147.1 0.0 30.84
30.56 191.0 16.q7 147.2 0.0 30.g9
30.54 191.0 16.98 147.2 0.0 31.12
30.54 191.l 16.98 147.3 0.0 31.23
30.53 191.2 16.98 147.4 0.0 31.33
30.63 191.2 16.99 147.4 0.0 31.40









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































HEL|OCENTRIC ECLIPT IC COORDINATES
URANUS N EPTUq E
OATE R LON3 LAT RAS OECS CDIST R LONG LAT RAS
PLUTO
OECS CO|ST R LON_ LAT RAS OECS COIST
43050.0 1976 8EP 28.5 18.54 216.9 0.46 350.5 50.0 19.40 30,28 253ol 1.51 240.1 -25.5 30.68 30.82
43060.0 1976 3CT 8.5 18.54 217.0 0.46 350.4 50.2 19.47 30.28 253.1 1.51 240.2 -25.5 30.82 30.52
43070.0 1976 3CT 18.5 18.54 217.2 0.46 350.4 50.3 19.52 30.28 253.2 1.51 240.2 -25.5 30.96 30.51
43080.0 1976 3CT 28.5 18.58 217.3 0.48 350.4 53.4 19.54 30.28 253.2 1.51 240.3 -25.5 31.07 30.51
43090.0 1976 93V 7.5 18.55 217.4 0.46 350.3 50,5 19.53 30.28 253.3 1.51 240.4 -25.5 31.16 30.51
43100.0 1976 _3V 17.5 18.55 217.5 0.46 350.3 50.8 19.49 33.28 253.3 1.50 240.4 -25.6 31.22 30.50
43110.0 1976 _3V 27.5 18.55 217.7 0.46 350.2 50.8 19.43 30.28 253.4 1.50 240.5 -25.6 31.26 30.50
43120.0 1976 OEC 7.5 18.55 217.8 0.45 550*2 50.9 19.34 30.28 253.5 1.50 240.6 -25.6 31.27 30.50
43130.0 1976 DEC 17.5 18.55 217.9 0.45 350.2 51.0 19.23 30.28 253.8 1.50 240.6 -25.6 31.25 30.49
43140.0 1976 DEC 27.5 18._5 218.0 0.45 350,1 51.1 19.10 30.28 253.6 1.50 240.7 -25.6 31.20 30.49
43150.0 1977 JAN 6.5 18.55 218.2 O. 4fi 350.1 51.3 18.95 30.28 253.6 1.50 240.7 -25.6 31.12 30.48
43160.0 1977 JAN 16.5 18.56 218.3 0.45 350.0 51.4 18.79 33.28 253.7 1.50 240.8 -25.6 31.02 30.48
43170.0 1977 JAN 26.5 18.56 218,4 0.45 350.0 51.5 18.62 33.28 253.8 1.50 240*9 -25.7 30.89 30.48
43180.0 1977 FEB 5°5 18.56 21R. 5 0.45 34%9 51.5 18.45 33.28 253.8 1.50 240.9 -25.7 30.75 30.47
43190.0 1977 _EB 15.5 18.56 218,7 0.44 349.9 51.7 18.28 30.28 253.9 1.50 241.0 -25.7 30.59 30.47
43200.0 1977 FEB 25.5 18.56 218.8 0.44 349.8 51.9 18.12 30.28 253.9 1.49 241.1 -25.7 30.42 30.47
43210.0 1977 MA_ 7.8 18.56 218.9 0.44 349.8 52.3 1?.97 33.28 254.0 1.49 241,1 -25.7 30.25 30.46
43220.0 1977 MAI_ 17.5 18*56 219.0 0.44 349"8 57.1 17.84 33.28 254.1 1.49 241.2 -25.7 30.08 30.46
43230.0 1977 MA_ 27.5 18.57 219.2 0.44 349.7 52.2 17.73 33.28 254.1 1.49 241.3 -25.7 29.92 30.46
43240.0 1977 APR 6.5 18._7 219.3 0.44 349.7 52.K, 17.65 33.28 254.2 1.49 241.3 -25.7 29.76 30.45
43250.0 1977 APR 18.5 18.57 219.4 0.44 349,6 52.5 17.59 30.28 254.2 1.49 241.4 -25.8 29.62 30.45
43260.0 1977 AP _, 26,5 18.57 219.5 0.44 349.6 57.6 17.=;7 33.28 254.3 1.49 241.4 -25.8 29.50 30.44
43270.0 1977 MAY 6. =; 18.57 219.7 0.43 349.5 52.7 17.57 30.28 254.3 1.49 241.5 -25.8 29.40 30.44
43280.0 1977 _AY 16.5 18.57 21%8 0.43 349.5 52.8 17.60 30.28 254.4 1.49 241.6 -25.8 29.33 30.44
43290.0 1977 _AY 26.5 18.57 219.9 0.43 349.4 53.0 17.66 33.28 254.5 1.49 241.6 -25.8 29.28 30.43
43300*0 1977 JUN 5.5 18.58 220.0 0.43 349"4 53.1 17.75 30,28 254.5 1.48 241.7 -25.8 29.27 30.43
43310.0 1977 JUN 15.5 18.58 220*2 0.43 349,3 53.2 17.86 33.28 254.6 1.48 241.8 -25.8 29*28 30*43
43320.0 1977 JUN 25.5 18.08 220.3 0.43 349.3 53.3 17.99 33.28 254.6 1.48 241.8 -25.9 20.32 30.42
43330.0 1977 JUL 5.5 18.58 220.4 0.43 34%2 53._ 18.14 33.28 254.7 1.48 241.9 -25.9 29.39 30.42
43340.0 1977 JUL 15.5 18.58 220.5 0.42 349.2 53.5 18.29 33*28 254.8 1.48 242.0 -25.9 29.48 30.42
43350.0 1977 JUL 25.5 18.58 220.7 0.42 349. l 53.? 18.46 33.28 254.8 1,48 242.0 -25.9 29.60 30.41
43360.0 1977 AUG 4.5 18.58 220.8 0.42 349.1 53.8 18.63 30.28 2_4.9 1.48
43370.0 1977 AUG 14.5 18.59 220.9 0.47 349.0 53.9 18.80 30*28 254.9 1.48
43380.0 1977 AUG 24.5 18.59 221.0 0.42 34%0 54.l 1_.96 33.28 255.0 1.48 242.2 -25.9 30.05 30.40
43390.0 1977 SEP 3.5 18.59 221.2 0.42 348,9 5_.2 19.10 3).28 255.1 1.48 242.3 -25.9 30.22 30,40
43400.0 1977 SEP 13.5 18.59 221.3 0.42 348.9 54.3 19.24 30.28 255.1 1.47 242.3 -26.0 30.39 30.39
43410.0 1977 SEP 23.5 18.59 221.4 0.41 348.8 54._ 19.36 33.28 255.2 1.47 242.4 -26.0 30.55 30,39
43470.0 1977 OCT 3.5 18.59 221.5 0.41 348.8 54.5 19.45 30.28 255.2 1.47 242°5 -26.0 30.71 30.39
43430.0 1977 3CT 13._ 18.59 221.7 0.41 348.7 54.7 19.52 33.28 255.3 1,47 242.5 -26.0 30,85 30.38
43440.0 1977 3CT 23.5 18.60 221.8 0._l 348.7 _.8 19.57 30.28 255.4 1.47 242.6 -26.0 30.98 30.38
43450.0 1977 NOV 2.5 18.60 221.9 0.41 348.6 54.9 19.59 30.28 255*4 1.47 242.7 -26.0 31.09 30.38
43_60.0 1977 _3V 12.5 18.60 222.0 0*41 3_8.5 5_.3 19.58 30.28 255.5 1.47 242.7 -26.0 31.17 30.3?
43470.0 1977 NOV 22.5 18.60 222*2 0.41 548.5 55.1 19.54 30.28 255.5 1.47 242.8 -26.1 3|.23 30.37
43480.0 [977 DEC 2.5 18.60 222.3 0.40 348.5 5_.3 l_*49 33.28 255.6 1.47 242.8 -26,1 31.26 30.37
43490.0 1977 DEC 12.5 18.60 222. _ 0.40 348.4 55._ Ig.39 33.28 26_.6 1.47 242.q -26.1 31.26 30.36
43500.0 1977 DEC 22.5 18.60 222. _ 0.40 548.4 55.5 19.28 30.28 255.7 |.46 243.0 -26.1 31.23 30.36
43510.0 1978 JA_ 1.5 18,61 222.7 0.40 348.3 55.5 1_.15 33.28 255.8 1.46 243.0 -26.1 3!.17 30.35
43520,0 1978 JAN 11.5 18.61 222.8 0*40 348.5 55.8 18.00 30.28 255.8 1.46 243.1 -26.1 31.09 30.35
43530*0 1978 JAN 21.5 18.6| 222.9 0.40 348.2 5_.9 18.84 33.28 2_5.9 1.46 243.2 -26.1 30.98 30.35
43540.0 1978 EEB 0.5 18.61 223.0 0.40 3_8.2 55.0 18.67 30.28 255.9 1.46 243.2 -26.1 30.85 30.34
43550,0 1978 FEB 10.5 18,61 223.2 0.39 348.1 55.l 18.50 33.28 256.0 1.46 243.3 -26.2 30.70 30.34
43560.0 1978 FE8 20.5 18.61 223.3 0.39 348.0 "35.2 1_.33 33.28 256.1 1.46 243.4 -26.2 _,0.5 _" 30.34
43570.0 1978 _AR 2.5 18.62 ?23.4 0.39 348.0 56.4 [8.17 30,28 256.1 1.46
43580.0 1978 MAR 12.5 18.62 223.5 0.39 347.9 55.5 19.02 33.28 256.2 1.46
43590.0 1978 MA8 22.5 18.62 223.6 0.39 347.9 55.5 17._9 33.28 256.2 1,45
43600.0 1978 APR 1._ 18.62 223.8 0.39 347.8 5_.7 17.79 30.28 256.3 1.45
43610.0 1978 A_R 11.5 18.62 223.9 0.39 347._ 5_.9 17.73 33,28 2_6.4 1.45
4_620.0 1978 APR 21.5 18.62 224.0 0.38 3&7.7 "37.0 17.65 30.28 256.4 1.45 243.7 -26.? 29._R 30.32
43630.0 1978 _AY 1.5 18.62 224.1 0,38 347.7 57.1 17.62 33.28 256.5 1.45 243.8 -26.3 29.47 30.31
43640.0 1078 _AY 11.5 18.63 224,3 0.38 347.6 57.2 17.62 33.28 256.5 1.45 243.9 -26.3 29.37 30.31
43650.0 1978 _AY 21.5 18.63 224.4 0.38 347.5 57.3 17.65 30.27 256.6 1.45 243*9 -26.3 29*31 30.31
43660.0 1978 JUN 0.5 18.63 224.5 0,38 347.5 5_.4 17.71 33.27 2_6.6 1.45 244.0 -26.3 29.27 30.30
43670*0 1978 JUN [0.5 10.65 224.6 0.38 347.4 5?,5 17.80 30.27 256*7 1.45 244,1 -26*3 2q,? _ 30.30
43680.0 1978 JUN 20.5 18.63 224*8 0.38 347*4 _7.7 17.91 33*27 256.8 1.45 244.1 -26._ 29*28 30*30
43690.0 1978 JUL 0.5 18.63 224.9 0.37 347.5 57.B 1B.D4 33*27 256*8 1.44 244.2 -26.3 29,33 30,29
43700.0 |978 JUL 10,5 18.63 225*0 0*37 347*2 57.9 IB.[9 33.27 256*q 1.44 244*3 -26*3 29.41 30,29
43710*0 1978 JUL 20.5 18.6_ 22_*| 0,57 347.2 5_.0 l_.35 33.27 256*9 1.44 244*3 -26._ 29.51 30.29
43720.0 1978 JUL 30*5 18.64 228.3 0.37 347.1 58.2 18.51 30.27 257.0 1.44 244.4 -26.4 29._3 30.20
43730.0 1978 AUG 9.5 18.64 225*4 0*37 _47,1 58*3 |8._8 3).27 257.1 1.44 244.5 -26.& 29.77 30.28
43740*0 |978 AUG lq*5 18.64 22_.5 0*37 347.0 58,4 |8,85 33.27 257.1 |.44 244._ -26.4 29._2 30*20
43750*0 1978 AUG 29.5 10.64 225.6 0.36 346*9 58.5 19.01 33*2? 257.2 1.44 244.6 -26.4 30.09 30.27
43760.0 1978 SEP 8.5 18.64 225,8 0.36 346,9 53.5 1_.16 33.2? 257.2 1.44 244.6 -26.4 30.25 30.27
43770.0 _978 SEP 18.5 18.65 225.9 0.36 346*8 58*8 19.29 33.27 257.3 1.44 244.7 -26.4 30.42 30.27
43780.0 1978 SEP 28._ 18.6_ 22A. 0 0.36 346,7 3_*_ 19,41 33.27 257.4 1.43 244*8 -26,4 30.59 30.26
z_3790o0 1978 _CT 8.5 18.65 226. l 0*36 346*7 59.0 1_.51 33.27 257,4 1.43 244*8 -26.5 30*74 30*26
&3800.0 1978 OCT 18.5 18.65 226.3 0.36 346.6 59.1 19.58 33*27 257.5 1.43 244.9 -26*5 30*88 30.26
43810.0 1978 3CT 28._ tR.65 226.4 0"_6 366.-3 5).2 I_.62 33.27 2_7.5 1.43 ?45.0 -26._ 31.01 30.25
438?0,0 1978 N3V 7*5 18,6_ ?26.5 0.35 346.5 -39._ 19.64 33.27 257.6 1.43 245.0 -26.5 31.11 30.25
43830.0 1978 N3V |7.5 l_.65 226.A 0.35 346,4 -39.5 1_.63 30.27 257.6 1.43 245.1 -26.5 31.18 30.25
43040.0 1978 N3V 27*5 18.66 2?6.8 0.35 346.4 59._ 1_.60 33*2? 257.7 1.43 245*2 -26*5 3|.?_ 30*24
43850.0 1978 r)EC 7.5 18.66 226.9 0.35 346.3 5¢).7 19.53 33.27 257.8 1.43 245.2 -26*5 31.26 30*24
43860*0 1978 OEC 17.5 IR*66 227.0 0.38 _45._ _g._ I_,44 3)*2? 257,8 |.43 245,3 -26._ 31.25 30.2_
43B70.0 1978 OEC 27,5 18.6_ 227. I 0.35 5¢'6.2 50.F) Ig.33 30.27 257.0 ].43 245._ -26*6 3|.21 30,23
43880.0 |979 JAN 6*5 1_,66 227.2 0.35 346.[ 50.1 19.20 30.27 257.q 1.42 245.4 -26.6 3l.l_ 30*23
43890.0 1979 JAN 16.5 18.66 227.4 0.34 34_.0 60.2 19*05 33.2? 258.0 1.42 245.5 -26.6 3|.06 30.23
191,4 16.99 1_7.6 0.0 31.48
191.4 16.99 147o'6 0.0 31.47
191.5 17.00 147.? 0.0 31.44
191.6 17.00 147.8 0.0 31,39
191.6 17,00 147.8 0.0 31.30
191.7 17.00 147o9 0o0 31,20
191,8 17.01 148.0 0.0 31.07
191.8 17.01 148,0 0.0 30.93
191,9 17.01 14B.1 0.0 30.?7
192.0 17.02 148.2 0,0 30.61
192,0 17.02 148.2 0.0 30.44
192.1 17.02 148.3 0,0 30.27
192.2 17.02 148.3 0.0 30.11
192.2 17.03 148.4 0,0 29.98
192.3 17.03 148.5 0.0 29.82
192,4 17,03 148.5 0.0 29.71
192,4 17.03 148.6 0.0 29.61
192.5 17.04 148.7 0.0 29,55
192.6 17.04 148.7 0.0 29.51
192.6 17.04 148.8 0.0 29.50
192.7 17.04 148,9 0.0 29.52
[92.8 17.05 148.9 0.0 29.56
Ig2.8 17.05 149.0 3*0 29.64
192. q 17.0_ 149.1 0.0 29,73
193.0 17.05 149. l 0.0 29.85
193.0 17.05 149.2 0.0 29.98
193.t 17.06 149.2 0.0 30.12
193.2 17.06 149.3 0.0 30.28
193.2 17.06 149.4 0.0 30.43
193.3 17.06 149.4 0.0 30*59
193*4 17.07 149.5 0.0 30.74
193.4 17.07 149.6 0.0 30.R8242.1 -25.9 29.74 30.41
242.1 -2_.9 20.89 30.40 193.5 17.07 149.6 0.0 31o01
193.6 17.07 149.7 0.0 31.12
193.7 17.07 14q. 8 0.0 31.2l
193.7 17.08 14q. 8 0.0 31.28
193.8 17.08 149,9 0.0 31.32
193.9 17.08 150.0 0.0 31.3_
193.9 17.08 150.0 0.0 31.33
194.0 17.08 150.1 0*0 31.30
194.1 17.07 150.2 0.0 31.23
194.1 17.09 150.2 0.3 31.15
194.2 17.09 150.3 0.0 31.04
194.3 17.09 180.4 0.0 30.91
t94.3 17.09 150.4 0.0 30.76
194.4 17.10 150.5 0.0 30.60
194.5 17.10 150.5 0.0 30.44
194.5 17.10 |50.6 0.0 30.27
194.6 17,10 150.7 0.0 30.10
194.7 17.10 150.7 0.0 29,94
194.7 17,10 150.8 0.0 29.79
19_.8 17.1t 150. g 0.0 29.66
243.4 -26.2 30.3R 30.33 194.9 17.11 150.9 0.0 29.85
243,5 -26.2 30.20 30.33 194.9 17.11 151.O 0.0 29.46
243,6 -26.2 30.03 30.33 195.0 17.11 151.! 0.0 29.40
243.6 -26.2 29.87 30.32 195.1 17. ll 151.1 0.0 29.37
243.7-26.2 20.72 30.32 195.1 17.1t 151,2 1.8 ?9.37
195.2 17.12 151.3 0.0 29.39
I95.3 17.12 151.3 0.0 29.45
195.4 17,12 15L.4 0.0 29._2
195.4 17.12 151.5 0.o 29.63
195.5 17.12 151.5 0.0 29.74
195.6 17.12 151,6 0.0 29.8B
195.6 17.13 151.7 0.0 30.03
195.7 17.13 151.7 0.0 30.18
19_.8 17.13 151.8 0.0 30.34
lgS*R 17.15 151.9 0.0 30.49
|95.9 17.13 |51.q 0.0 30.64
196.0 17.13 152.0 0.0 30.78
196.0 17.13 152.0 0.0 50.91
196. t 17.13 [52.t 0.0 31.0I
196.2 17. L4 152.2 0.0 31.13
t96.2 17.14 152.2 0.0 31.16
196.3 17.14 152.3 0.0 31.20
196.4 17.14 152.4 0.0 31.22
196.4 17.14 152.4 0.0 31.20
196.5 17.14 t"3_.5 0.3 31.16
196.6 17.14 I_2.6 0.0 31.09
196.7 17.14 152.6 0.0 31.00
196.7 17.1_ 1_2.7 0.0 30.89
196.8 17.15 152.8 0.0 30.75
196. q L7.15 L52._ 0.0 30.63
196.9 17.15 152.q 0.0 30.44
lq7.0 17.15 153.0 0.0 30*27









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































J UN 29.5 18.75 233.9 0.26 341.5 66.% 18.03
Jut 9._ 18.75 234.0 0.26 341.4 66.5 18.14
J UL 19.5 18.75 234.1 0.26 341.3 65.5 18.31
J UL 29.9 18.78 234.3 _ 26 341.2 55.8 18.47
AUG 8.5 18.76 234.4 0.26 341.1 55.9 18.63
AUG 18. 5 18.76 234.5 0.26 341.0 57.0 18.80
AUG 28.5 18.76 234. 6 0.25 34_q 67.1 18.97
SEP 7.5 18.76 234.8 0.25 340.8 57.2 19.13
SEP 17.5 18.76 23 _. 9 0.25 34_ 6 67.3 19.28 33 .26
SFm 27.5 18.76 235.0 0.25 340.5 57.6 19.41 33.26
3C T 7.5 18.77 235.1 0.25 340.6 57.5 19,53 38 .26
]CT 17.5 18.77 235.2 0.25 340.3 57.7 19.63 33.26
3CT 27.5 18.77 235.4 0.24 340.2 57.8 19.70 30.26
N3V 6.5 18.77 235.5 0.24 340.1 57.9 19.74 3_.26
N]V 16.5 18.77 235.6 0.26 339.9 55.3 19.76 33.26
N3V 26.5 18.77 235.7 0.24 339.8 58.1 19.78 30.26
OEC 6.5 18.78 235.9 0.24 339.7 5B.2 19.7l 30.26
OEC 16.5 18.78 236.0 0.26 33%6 68.% 19.65 30.26
OEC 26.5 18.78 236.1 0.23 339.5 68.5 19.56 30.26
JAN 5.5 18.78 236.2 0.23 339._ 5_.S l_.65 33.26
JAN 15.5 18.78 236.4 0.23 33q. 2 58.? 19.3l 30.26
JAN 25.5 18.78 236.8 0.23 339.1 58.8 19.16 33.26
FEB 4.5 18.79 236.6 0.23 339.0 58.9 19.00 30.26
FEB 14.5 18.79 23&.7 0.23 338.8 69.0 18.86 30.26
FEB 24.5 18.79 236.8 0.23 338.7 5_.1 13.57 33.26
_AR 6.5 tB. 79 237.0 O. 22 33 8. 6 69.3 18 .50 30 .26
MAR 16.5 18.7q 237.1 0.22 33 _ 6 59.4 18.36 30.26
MAR 26.5 18.80 237.2 0.22 338.3 59.5 18.19 30.26
APR 5.5 18.80 ?37,3 0.22 338.2 59.6 18.07 30.26
Am1 15.8 18.80 237.4 0.2_ 338.0 59.1 17.96 3).26
AP_ 25.5 18.80 237.6 _ 22 33 7. 9 59.8 17.88 30.26
MAY 5.5 18.80 237.7 0.21 33 7.7 59.9 11.82 33.26
MAY 15.5 18.80 237.R 0.21 337.6 70.0 I?.79 33.26
PLANETARY EPHEMERIS
HELIOCENTRIC ECLIPTIC COORDIW ATES
NEPTUNE
OECS CDI5T R LONG LAT RAS
1979 JA_ 26.5 18.67 22 _ 5 _ 3% 345.9 50.3 18.89 33.27
1979 FEB 5.5 18.67 227.6 0.34 345.9 50.% 18.72 30.27
1979 FEB 15.5 18.67 227.7 0.34 345.8 50.5 18.58 30.27
1979 FEB 25.5 18.67 227.9 0.34 345.7 50.7 18.39 33.27
1979 MAR 7.5 18,67 228.0 0.34 345,7 50.8 18.23 30.27
qAR 17.5 18.67 228.1 0.34 345,6 60.9 18,08 30.27
8A_ 27.5 18.67 228.2 0.33 345.5 51.0 17.98 33.27
APR 6.8 18.68 228.4 0.33 _45.6 51.I 17.84 30.27
AP_ 16.5 18.68 228.5 0.33 345o_ 51.3 17.76 30.27
AP8 26.5 18.68 228.6 0.33 348,3 61.4 17.70 30.27
MAY 6.5 18.68 228.7 0.33 345.2 61.5 17.67 30.27
_AY 16.5 18.68 228.9 0.33 348,2 51.8 l?.SB 30.27
MAY 26.5 18.68 229.0 0.32 845.1 51.7 17.71 30.27
J UN 5,5 18.69 229.1 0.32 345.0 61,9 17.77 33.27
JUN 15.5 18.69 229.2 0.32 344.9 62.0 17.86 30.27
JUN 25.5 18.69 229.3 0.32 344.8 62.1 17.97 30.27
J UL 5.5 18.69 229.5 0.32 344,8 52.2 18.10 30.27
JUL 15.5 18.69 229.6 0.32 344. T 52.3 18.25 30.27
JUt 28. 5 18.69 229.7 0.32 344.6 62.4 18.40 33.27
AUG 4.5 18.70 229.8 0.31 344.8 5_.6 18.57 30.27
AUG 14.5 18.70 230.0 0.31 344.5 62.7 18.74 30.27
AUG 24.8 18.70 230.1 0.3I 344.% 5_.3 18.91 33.27
SEP 3.5 18.70 230.2 _ 31 344.3 52.9 19.37 33.27
SEP 13.5 18.70 230.3 0.31 344.2 53.0 19.22 30.27
SEP 23.5 18.70 230.5 0.31 344.1 63.1 19.35 30.27
3CT 3.5 18.71 230.6 0.30 344.0 53.3 19.47 33.27
3CT 13.5 IR.71 230.7 0.30 344.0 53.% 19.57 39.27
OCT 23.5 18.71 230.8 0.30 343.9 53.8 19.64 33.27
NOV 2.5 18.71 231.0 0.30 343.8 53.5 19.68 39.27
NOV 12.5 18.71 231.I 0.30 343.7 61.7 [9.70 33.27
N3 V 22.5 18.71 231.2 0.30 343.6 65.8 19.69 30.27
DEC 2.5 18.71 231.3 0.30 343.5 5_.0 19.65 33.27
OEC 12.5 18.72 231.4 0.'29 343.4 5%.I 19.59 38.27
DEC 22.5 18.72 231.6 0.29 343.4 56.2 19.50 30.27
JAN [.8 18.72 231.7 0.29 343.3 8%.3 19.39 30.27
JAN 11.5 18.72 231.8 0.29 343,2 64.4 19.26 80.27
JAN 21.5 18.72 231.9 0,29 343.1 56.5 19.11 30.27
FF8 0.5 18.72 232.1 0.29 343.0 6%.7 18.95 30.27
FEB I0.5 18.73 232.2 0.28 342.9 66.8 18.78 30.27
FE_ 20.5 18.73 232.3 0.28 342.8 56.9 18.61 30.27
_AR 1.5 18.73 232.4 0.28 342.7 55.0 18.44 38.27
_A_ 11.5 18.7_ 232.6 0.28 342.6 8_.i 18.28 30.26
MAR 21.5 18.73 232.7 0.28 342. _ 65.2 18.14 30.26
AP_ 0.5 18.73 232.R 0.28 342. 4 68._ 18.01 33.26
AO_ lO._ 18.74 232.g 0.28 342.5 55.5 17.98 33.26
APR 20.8 18.74 233.0 0.27 342.2 65.8 17.82 30.26
_AY 0.5 18.74 233.2 0.27 342.1 55.7 17.76 33.26
_AY 10.5 18.74 233.3 0.27 342.0 55.8 17.73 30.26
SAY 20.5 18.74 233.4 0.27 341.9 65.9 17.74 30.26
_AY 30.5 1R.74 233.8 0,27 341.8 65.1 I?.77 33.26
J UN 9.5 18. 7_ 233.7 0.27 341.7 66.2 IT.83 33 .26










288.1 1.42 248.6 -26.6 30.94 30.22
288.1 1.42 245.6 -26.6 30.81 30.22
258.2 1.62 245.7 -26.6 30.66 30.22
258.2 1.42 248.7 -26.6 30.50 30.21
258.3 1.62 245.8 -26.6 30.33 30.21
288.6 1.42 248.9 -26.6 30.15 30.21
258.4 1.42 245.9 -26.7 29.98 30.21
258.5 1.41 246.0 -26.7 29.82 30.20
288.5 1.41 246.1 -26.7 29.68 30.20
258.6 1.41 246.1 -26.7 29.54 30.20
288.7 1.41 246.2 -26.7 29.43 30.19
258.7 1.41 246.3 -26.7 29.38 30.19
258.8 1.41 246.3 -26.7 29.29 30.19
258.R 1.41 246.4 -26.7 29.26 30918
258.9 1.41 246.5 -26.7 29.26 30.18
288.9 1.41 246.8 -26.8 29.28 30.18
289.0 1.40 246.6 -26.8 29.34 30.17
259.1 1.40 266.7 -26.8 2q.42 30.17
259.1 1.40 266.7 -26.8 29.53 30.17
259.2 1.40 246.8 -26.8 29.66 30.16
259.2 1.40 246.8 -26.8 29.80 80.16
289.3 1.40 246.9 -26.8 29.96 30.16
259.4 1.40 247.0 -26.8 30.12 30.18
259.4 1.40 267.0 -26.8 30.29 30.15
289.8 1.40 247.1 -26.9 30.46 30. l_
289.5 1.39 247.2 -26.9 30.62 30.15
259.6 1.39 247.2 -26.9 30.77 30.14
259.7 1,39 247.3 -26.9 30.91 30.14
259.7 1.39 247.4 -26.9 31.03 30.14
259.8 1.3g 247.4 -2_.9 31.12 30.13
259.8 1.39 247.5 -26.9 31.19 30.13
259.9 1.39 247.6 -26.9 31.24 30.13
260.0 1.39 247.6 -26.9 31.25 30.13
260.0 1.39 247.7 -27.0 31.24 30.12
260.1 1.38 247.8 -27.0 31.19 30.12
260.1 1.38 247.8 -27.0 31.12 30.12
250.2 1.38 247.9 -27.0 31.02 30.11
260.2 1.38 248.0 -27.0 30.90 30.11
260.3 1.38 248.0 -27.0 30.77 30.11
260.4 1.38 248.1 -27.0 30.61 30.11
260.6 1.38 248.1 -27.0 30.45 30.10
260.5 1.38 248.2 -27.0 30.28 30. I0
260.5 1.37 248.3 -27.1 30.10 30.10
260.6 1.37 248.3 -27.1 29.96 30.09
260.7 1.37 248.4 -27.1 29.78 30.09
260.7 1.37 248.5 -27.1 29.63 30.09
260.8 1J37 248.5 -27.1 29.51 30.08
260.8 1.37 248.6 -27. l 29.40 30.08
26D.9 1.37 248.7 -27.1 29.33 30.08
261.0 1.37 248.7-27.1 29.27 30.08
261.0 1.37 248.8 -27.1 29.25 30.07
261.1 1.36 248.9 -27.1 29.26 30.07
261.1 1.36 248.q-27.2 29.29 30.07
261.2 1.36 249.0 -27.2 29.35 30.07
261.2 1.36 249.1 -27.2 29.44 30.06
261.3 E.36 249.1 -27.2 20.85 30.06
261.4 1.36 249.2 -27.2 29.68 30.06
261.4 1.36 249.3 -27.2 29.83 30.05
261.5 1.36 249.3 -27.2 29.99 30.05
261.5 1.38 249.4 -27.2 30.16 30.08
261.6 1.35 249.5 -27.2 30.33 30.05
261.7 1.35 249.8 -27.2 30.50 30.06
261.7 1.35 249.6 -27.3 30.66 30.06
261.8 1.35 249.6 -27.3 80.80 30.04
261.8 1.35 249.7 -27.3 30.94 30.03
261.9 1.35 249.8 -27.3 31.05 30.03
252.0 1.35 249.8 -27.3 31.14 30.03
262.0 1.35 249.9 -27.3 31.20 30.03
262.1 1.34 250.0 -27.3 31.24 30.02
262.1 1.36 250.9 -27.3 31.26 30.02
262.2 1.34 250.1 -27.3 31.22 30.02
262.3 1.34 250.2 -27.3 31,17 30.02
262.3 1.34 280.2 -27.4 31.09 30.01
262.4 1,34 250.3 -27.4 30.qg 30.01
262.6 1.34 280._ -27.4 30.86 30.0l
262.5 1.34 250.4 -27.4 30.72 30.00
2_2.5 1.33 280.5 -27.4 30.56 30.00
262.6 1.33 250.6 -27.4 30.40 30.00
262.7 1.33 250.6 -27.4 30.23 30.00
262.7 1,33 250.7 -27.4 30.05 29.99
262.8 1.33 250.8 -27.4 2q. Rg 2g. gg
262.9 1.33 250.8 -27.4 29.73 29.99
262.g 1.33 250.9 -27._ 29.59 29.90
263.0 1.33 251.0 -27.5 29.47 29.98
263.0 1.32 281.0 -27.5 29.38 29.98
PtUTO
LON3 LAT RAS O_CS COIST
197. l 17.15 153.1 0.0 29.94
197.2 17.15 153.2 0.0 29.78
197.3 17.15 153.2 0.0 29°64
197.3 17.15 153.3 0.0 29.51
197,4 17.18 1_3o4 0.0 29.41
197.5 1 _ 1 6 153.4 0.0 29.33
197.5 17.16 153.5 0.0 29.27
197.6 17.16 153.6 0.0 29.28
197.7 17.16 153.6 0.0 29.25
197.7 17.16 153.7 0.0 29.28
197.8 17.16 153.8 0.0 29.34
197.9 17.16 153.8 0.0 29.62
198.0 17.16 183.9 0.0 29.53
198.0 17.16 153.9 0.0 29.65
198.1 17.16 154.0 0.0 29.79
198.2 17.16 154.l 0.0 29.94
198.2 17.16 15_.I 0.0 30.10
198,3 17.16 15_.2 0.0 30.25
198.4 17.16 154.3 0.0 30.41
198.4 17.16 184.3 0.0 30.56
198.5 17.17 154.4 0.0 30.69
198.6 17.17 154.5 0.0 80.81
198.6 17.17 156.5 0.0 30.92
198.7 17.17 156.6 0.0 31.00
198.8 17.17 154.7 0.0 31.06
198.9 17.17 156.7 0.0 31.09
198.9 17.17 156.8 0.0 31.10
199.0 17.17 154.9 0.0 31.08
199.1 17.17 154.9 0.0 31.03
199.1 17.17 155.0 0.0 30.96
199.2 17.17 155.i 0.0 30.86
199.3 17.17 155.l 0.0 30.74
199.3 17.17 155.2 0.0 30.60
199.4 17.17 155.3 0.0 30.45
199.5 17.17 185.3 0.0 30.29
199.5 17.17 155.4 0.0 30.12
199.5 17.17 155.5 0.0 29.95
199.7 17.17 155.5 0.0 29.79
lgg,8 17.17 155.6 0.0 29_64
199.8 17.17 158.7 0.0 29.50
199.9 17.17 155.7 0.0 29.37
200.0 17.[7 155.8 0.0 29.28
200.0 17.17 155.9 0.0 29.20
200.1 17.17 185,9 0.0 29.15
200.2 17.17 156.0 0.0 29.13
200.2 17.17 156.1 0.0 29.14
200.3 17.17 155.1 0.0 29.18
200.4 [7.17 156.2 0.0 29.2_
200.4 17.17 156.3 0.0 29.33
200.8 17.17 156.3 0.0 29.44
200.6 17.17 156.4 0.0 29.57
200.7 17.17 156.50.0 29.71
200.7 17.17 186.5 0.0 29.R6
200.8 17.17 156.6 0.0 30.02
200.q 17.17 156.7 0.0 30.18
200.917.17 156,7 0.0 30.33
201.0 17.17 155.8 0.0 30.48
201.1 17.17 156.9 0.0 30.61
201.1 17.17 156.9 0.0 30.73
201.2 17.17 157.0 0.0 30.83
201.3 17.17 157.1 0.0 80.91
201.3 17.16 157.1 0.0 30.96
201.4 i7.16 157.2 0.0 30.gq
201.5 17.16 157.3 0.0 30.99
201.6 17.16 157.3 0.0 30.96
201.6 17.16 157.% 0.0 30.91
201.7 17.16 157.5 0.0 30.83
201.8 17.16 157.5 0.0 30.73
201.8 17.16 157.6 0.0 30._1
201.9 I7.16 157.7 0.0 30.47
202.0 17.16 157.7 0.0 30.31
202.0 17.16 157.8 0.0 30.15
202.1 17.16 157.9 0.0 29.98
202.2 17.16 157.9 0.0 29.81
202.2 [7.16 158.0 0.0 29.88
202.8 17.16 158.1 0.0 29.50
202.4 17.15 158.1 0,0 2g.37
202.5 17.15 158.2 0.0 29.25
202._ 17.15 158.3 0,0 29.15
202.6 17.15 158.3 0.0 29.09
202.7 17.15 158.4 0.0 29.05
202.7 17.15 158.5 0.0 29.03
202.8 17.15 158.5 0.0 29.05
202.9 17.1 _ |_8.6 0.0 29.09



































































































































































































































































































































































































































































































































































































































































































































































































DATE R LDN_ LAT RAS
1981 MAY 25.5 18.81 237.9 0.21 337.4
1981 Jb'_ 4.5 18.81 238.1 0.21 337.3
1981 JUN 14.5 18.81 238.2 0.21 337.2
1981 JUN 24.5 18.81 238.3 0.21 337.0
1981 JLq 4.5 18.81 238.4 0.20 336.9
1981 JUt 14.5 18o81 238.5 0.20 336.7
1981 Jut 24.5 18.82 238. T 0.Z0 336.5
1981 AUG 3.5 18.82 238.8 0.20 33+6.4
1981 AUG 13.5 18.82 238.9 0.20 336.2
1981 AUG 23.5 18.82 239.0 0.20 336.1
1981 SEP 2.5 18.82 239,2 0.20 335.9
1981 SEP 12.5 18.82 239.3 0.19 335.8
1981 SEP 22.5 18.83 239.4 0.19 335.6
1981 3CT 2.5 18.83 239.5 0.1q 335.4
1981 3ET 12.5 18.83 239.6 0.19 335.3
1981 9CT 22.5 18.83 239.8 0.19 335.1
1981 _3V 1.5 18.83 239.9 0.19 334.9
1981 _OV IL.5 18,83 240.0 0.18 331,.7
1981 _3V 21.5 18.84 240.1 0.18 334.6
1981 DEC L.5 18.84 240.2 0.18 334.%
1981 OEC 11.5 18.84 240.4 0.18 334.2
198l DEC 21.5 18.84 240.5 0.18 334.0
1982 JAN 0.5 18.84 240.6 0.18 333.8
1982 JAN 10.5 18.85 240.7 0.17 333.6
1982 JA_ 20.5 18.85 240.9 0.17 333.5
1982 JA_ 30.5 18.85 241.0 0.17 333.3
1982 FEB <).5 18.85 241.1 0.17 333.1
1982 FEB 19.5 18.85 24L.2 0.17 332.9
1982 MAR 1.5 18.85 241.3 0.17 332.7
1982 MAR 11.5 18.86 241.5 0.17 332.5
1982 _AR 21.5 18.86 241.6 0.16 332.3
1982 A_ 0.5 18.86 241.7 0.16 332.1
1982 APR 10.5 18.86 241.8 0.16 331.9
1982 &P_ 20.5 18o86 241.9 0.16 331.7
1982 _AY 0.5 18.86 242.1 0.16 331.4
L982 _AY 10.5 18.87 242.2 0.16 331.2
1982 _AY 20.5 18.87 242.3 0.15 331.0
1982 qAY 30.5 18.87 242-¸4 0.15 330.8
1982 JU_ 9.5 18.87 242.6 0.15 330.6
1982 JUN 19.5 18.87 242.7 0.15 330.3
1982 J UN 29.5 18.88 242.8 0.15 330.1
1982 JUL g.5 18.88 242.9 0.15 329,9
1982 JUt 19.5 18. 88 943.0 0.14 32%6
1982 JUt 29.5 18.88 243.2 0.14 329.4
1982AUG 8._ 18.88 243.3 0.14 329.1
1982 AUG 18.5 18.88 243.4 0.14 328.9
1982 AUG 28.5 18.89 243.5 0.14 328.7
1982 SEP 7.5 18.89 243.6 0.14 328.%
1982 SEP 17._ ]8.89 243.8 0.13 328.1
1982 SEP 27.5 18.89 243.9 0.13 327.9
1982 3CT 7.5 18.89 244.0 0.13 327.6
1982 ]CT 17.5 I_.89 244.1 0.13 327._
1982 3CT _7.5 18,90 244.2 0.13 327,1
1982 _3V _.5 18.90 244.4 0.13 326.8
1982 _3V 16.5 18.q0 244.5 0.13 326.5
1982 _3V 26.5 18.90 244.6 0.12 326.3
1982 DEC 6._ 18.90 244.7 0.12 326.0
1982 OEC 16.5 18.91 244.9 0.12 325.7
1982 DEC 26.5 18.91 245.0 0.12 325.4
1983 JAN 5.5 18.91 245.1 0.12 325.1
1983 JA_ 15.5 18.91 245.2 0.12 324.8
1983 JA_ 25.5 18.91 245.3 0.[I 324.5
1983 FEB 4.5 18.91 245.5 0.11 324.2
1983 FE8 14.5 L8o92 245.6 0. II 323.9
1983 F_B 24.5 18.92 245.7 0.11 323.5
1983 _A_ 6.5 18.92 245.8 O. ll 323.2
1983 _AR 16;5 18.92 245.9 0.11 322.9
1983 MAR 26.5 L8.92 246.1 0.10 322.6
1983 APR 5.5 L5.93 246*2 0.L0 322.2
1983 A_ 15.5 18.93 246.3 0.10 321.9
1983 APR 25.5 18.93 246.4 0.10 321.5
1983 _AY 5.5 18.93 246.5 0.10 321._
1983 _AY 15.5 18.q 3 246.7 0.10 320.8
1983 _AY 25.5 18.93 246.8 0.09 320.5
1983 JUN 4.5 18.94 246.9 0.09 320.1
1983 J UN 14.5 18.94 247.0 0.09 319.7
1983 JUN 24.5 18.94 247.1 0,09 319.3
1983 JUL 4.5 18.94 247.3 0.09 319.0
1983 JUL 14.5 18.94 247.4 0.09 318.6
1983 Jut 24.5 18,95 247.5 0.08 318.2
1983 AUG 3._ 18.95 247.6 0.08 317.8
1983 AUG 13.5 18.95 247.7 0.08 317.4
1983 AUG 23.5 18.95 247.9 0.08 316.9
L983 SEP 2.5 18.95 2_8.0 0.08 316.5

























































30.26 263.1 1.32 251.1 -27.5 29.30
33.26 263.1 1.32 251.2 -27.5 29.26
33.26 263.2 1.32 251.2 -27.5 29.24
39.26 263.3 1.32 251.3 -27.5 29.25
33.26 263.3 1.32 251.4 -27.5 29.30
33.26 263.e 1.32 251.4 -27.5 29._7
30.26 263.4 1.32 251.5 -27.5 29.46
30.26 263.5 1.32 251.6 -27.5 29.58
33.26 263.5 1.31 251.6 -27.6 29.71
30.26 263.6 1.31 251.7 -27.6 29.87
33.26 263.7 1.31 251.7 -27.6 30.03
33.26 263.7 1.31 251.8 -27.6 30.20
30.26 263.8 1.31 251.9 -27.6 30.36
30.26 263.8 1,31 251.9 -27.6 30.53
30.26 263.9 1.31 252.0 -27.6 30.69
30.26 264.0 1.31 252.1 -27.6 30.83
33.25 264.0 1.30 252.1 -27.6 30.96
33.25 264.l 1.30 252.2 -27.6 31.07
33.25 264.1 1.30 252.3 -27.6 31.1_
33.25 264.2 1.30 252.3 -27.6 31.21
33.25 264.3 1.30 252.4 -27.7 31.23
33.25 264.3 L.30 252.5 -27.7 31.23
3D.25 264.4 Lo30 252.5 -27.7 31.20
33.25 264.4 1.30 252.6 -27.7 31.15
33.25 264.5 1,29 252.7 -27.7 31.06
30.25 264.6 1.29 252.7-27.7 30.95
33.25 264.6 1.29 252.8 -27.7 30.82
33 .25 26_.7 1,29 252.q -27.7 30.68
30.2_ 264.7 1.29 252.9 -27.7 30.52
33.25 264.8 1.29 253.0 -27.7 30.35
3_.25 264.8 I_29 253.1 -27.7 30.18
3_.25 264.9 1.29 253.1 -27.7 30.01
30.25 265.0 1.28 253.2 --27.8 29.84
30.25 265.0 1.28 253.3 --27,8 2_.69
30.25 265.1 1.28 253.3 -27.8 29.56
30.25 265.1 1.28 253.4 -27.8 29.44
33 .25 255.2 1.28 253.5 -27.8 29.35
33.25 265.3 1.28 253.5 -27.8 29.28
30.25 265.3 1.28 253.6 -27.8 29.24
33,25 265.4 1.28 253.7 -27.8 29.24
33.25 265.4 1.27 253.7 -27.8 29.26
33.25 265.5 1.27 253.8 -27.8 29.30
83.25 265.6 1.27 253.9 --27.8 29.38
30.25 265.6 1.27 253.9 -27.8 29.48
33.25 265.7 1.27 254.0 -27.9 29.60
30.25 265.7 1.27 254,1 --27.9 29.74
33.25 265.8 1.27 254.1 -27.9 29.90
33.25 265.9 1.27 254.2 -27.9 30.06
33.25 265.9 1.26 254.3 -27.9 30.23
3_.25 266.0 1.26 254.3 -27.9 30.40
30.25 266.0 L.26 254.4 -27.q 30.57
33.25 256.1 1.26 254.5 -27.9 30.72
1.26 254._ -27.9 30.86
1.26 254.6 -27.9 30.98
33.25 266.3 1.26 254.7 --27.9 31.08
3_.25 266.3 1.25 254.7 -27.9 31.16
33.25 256.4 1.25 254.8 -27.9 _1.21
33.25 266.4 1.25 254.9 --28.0 31.28
33.25 266.5 1.25 254.9 -28.0 31.22
30.25 266.6 1.25 255.0 -28.0 31.19
30.25 266.6 1.25 255.1 --28.0 31.12
33.25 266.7 1.25 255.1 --28.0 31.03
33.25 256.7 1.2_ 255.2 -28.0 30.91
33.25 266.8 1.29 255.3 -28.0 30.78
33.25 266.9 1.24 255.3 -28.0 30.63
3_.25 266.9 1.24 255.4 -28.0 30.47
33.25 257.0 1.24 255.5 -28.0 30.30
33.75 267.0 1.24 255.5 -28.0 30.12
30.25 267.1 1.24 255.6 -28.0 29.96
39.25 287.2 1.24 255.7 -28.0 29.80
30.25 267.2 1.24 255.7 -28.0 29.65
33.25 267.3 L.23 25_.8 -28.1 29.52
38.25 267.3 1,23 255.8 -28.1 29.41
30.24 267.4 1.23 255.9 -28.1 29.32
30.24 267.4 L.23 2S6.0 -28.1 29.26
1.23 256.0 -28.1 29.23
1.23 256.1 -28.1 29.23
1.23 256.2 -28.1 29.26
1.22 256.2 -28.1 29.31
1.22 256.3 -28.1 29.40
L.22 256.4 -28.1 29.50
1.22 256.4 -28.1 29.63
[.22 2_6.5 --28.1 29.77
1.22 256.6 -28.1 29.93
1.22 256.6 -28.1 30.10
7_.7 1_,76 33.25 266.1






















77.9 17.96 33.24 267.5
73.3 13.02 39.24 267.6
78.1 18.11 30.24 267.6
78.2 18.22 30.24 267.7
78 .3 IR.36 33 .74 267.7
78.% 18.50 33.24 267.8
73.% I_.55 33.24 267.0
75.5 18.83 30.24 267.9
78.6 19.00 33.24 268.0
78.7 19.17 33.24 268.0
PLUTO
R LD_ LAT 8AS OECS COIST
29.98 203.0 17.15 158.7 0.0 29.26
29.98 203.1 17.14 158.8 0.0 29.37
29.97 203.2 17.14 158.9 0.0 29.50
29.97 203.2 17.14 158.9 0.0 29.64
29.97 203.3 17o14 159.0 0.0"29.80
29.97 203.4 1_14 159°1 0.0 29.95
29.96 203.6 17.14 159.1 0.0 30.11
29.96 203.5 17.14 159.2 0.0 30.26
29.96 203.6 17.14 L59.3 0.0 30.41
29.96 203.6 17.14 159.3 0.0 30.54
29.95 203.7 17.13 159.4 0.0 30.65
29.95 205,8 17.13 159.5 0.0 30.75
29.95 203.9 17.13 159.5 0.0 30.82
29.95 203.9 17.13 159.6 0.0 30.87
29.94 204.0 17.13 159.70.O 30.89
29.94 204.1 17.13 159.7 0.0 30.89
29.94 204.1 17.13 159.8 0.3 30.86
29.94 204.2 17.12 159.9 0.0 30.80
29.93 204.3 17.12 159.90.O 30.72
29.93 204.3 17.12 160.0 0.0 30.61
29.93 204.4 17.12 160.1 0.0 30.48
29.93 204.5 17,12 160. l 0.0 30.34
29.92 204.6 17.12 160.2 0.0 30.18
29.92 204.6 17.11 160.3 0.0 30.02
29.92 204.7 17.11 160.3 0.0 29.85
29.92 204.8 17.11 160.4 0.0 29.69
29.91 204.8 17. Ii 160.5 0.0 29.53
29.91 204.9 17.11 160.5 0.0 29.38
29.91 205.0 17.11 160.6 0,0 29.25
29. gi 205.0 17.10 160.7 0,0 29o13
29.91 205.1 17.10 160. 7 0.0 29.05
29.q0 205.2 17.10 160.8 0.0 28.98
29.90 208.3 17.10 160. q 0.0 28.95
29.90 205.3 17.10 150.9 0.0 28.94
29. q0 205.4 17.10 16L.0 0o0 28.96
29.89 205.5 1 7. 09 161.I 0.0 29.01
29.89 205.5 17.09 151.1 0.0 29.09
29.89 205.6 17.0q 161.2 0.0 29.19
29.89 205.7 17.09 161.5 0.0 29.31
29.88 209.7 17.09 161.3 0.0 29.44
29.88 20_.8 17.08 161.4 0.0 29.59
29.88 20_.9 17.08 161.5 0.0 29.74
29.88 206.0 17.08 161.5 0.0 29.90
29.88 206.0 17.08 161.6 0.0 30.06
29.87 206.1 17.07 161.7 0.0 30.21
29.87 206.2 17.07 161.7 0.0 30.35
29.87 206.2 17.07 161.8 0o0 30.48
29.87 206.3 17.07 161.q 0.0 30.59
29.86 206.4 17.07 161,9 0.0 30.68
29.86 206.4 17.06 162.0 0.0 30.75
29.56 206.5 17.06 162_1 0.3 30.79
29.86 206.6 17.06 162,1 0.0 30.81
29.86 206.7 17.06 162.2 0.0 30.80
29.85 206.7 17.05 162.3 0.0 30.76
29.85 206.8 17.05 ]62.3 0.0 30.70
29.85 206.9 17.05 162.4 0.0 30.61
29.8_ 206.9 17.05 162.5 0.0 30.50
29.84 207.0 17.05 162.5 0.0 30.3_
29.84 207.1 17.04 162.6 0.0 30.22
29.84 207.2 17.04 162.7¸0.0 30.07
29.84 207.2 17.04 162.7 0.0 29.90
29.84 207.3 17.03 162.8
29.83 207.4 17.03 162.9
29.83 207.4 17.03 162.9
29.83 207.5 17.03 163.0
29.83 207.6 17.02 163.!
29.83 207.6 17.02 163.1
29.82 207.7 17.02 163.2
29.82 207.8 17.02 163.3
29.82 207.917*01 163.3
29.82 207.9 17.01 163.4
29.82 208.0 17.01 163.5
29.81 208.1 17.01 163,5
29.81 208oi 17.00 163.6
29.81 208.2 17.00 16_o7
29.81 208.3 17.00 163.7
29,81 208.3 16.99 153.5
29.80 ?08.4 16. qq 163.9
29.80 208.5 16. Q9 164.0
29.80 208.6 16.98 164.0
29.80 208.6 16.98 164.1
29.80 208.7 16.98 164.2
29.79 208.8 16o98 164.2
29.79 208.8 16,97 164.3





























































































































































































































































































































































































































































































































































































































































































































































































CO[ST R LONG LAT RAS
45600.0 [983 SEP 22.5 [8.96 248.2 _ 08 3[5.7 78.8
¢56[0.0 1983 3CT 2.5 18.96 248.3 0.07 315. Z 78.9
45620.0 1983 OCT 12.5 18.96 248.5 0.07 314.8 79.0
45630.0 [983 OCT 22.5 18.96 248.6 0,07 314.3 79.0
45640.0 1983 q3V [.5 [8.96 248.7 0.07 3[3.9 79.1
45650,0 1983 NOV 1[.5 18.97 248.8 0,07 313.4 79.2
¢5660.0 1983 NOV 2[.8 18.97 248.9 0.07 3[2*9 79.3
45670.0 1983 DEC 1.5 18.97 24% [ _ 06 3[2.5 79.4
45680.0 1983 DEC 11.5 18.97 249.2 O. h6 312.0 79.8
45690.0 1983 DEC 21.5 18.97 249.3 0.06 311.5 79,5
_8700.0 1984 JAN O.fi 18.97 249.4 0.06 31[.0 79.6
45710.0 1984 JAN 10.5 [8.98 249.5 0.06 310,5 79.7
45720.0 [984 JAN 20.5 18.98 249.7 0.06 3[0.0 79.8
45730,0 1984 JAN 30.8 18.98 249.8 0.08 309,4 79.8
45740.0 1984 FEB 9.5 18.98 249.9 0.05 308. 9 79.9
45750.0 1984 FEE [9. q 18.98 250.0 O* 05 30_ 4 80,0
45760.0 1984 NA_ 0.5 18.99 280. l 0.05 307.8 88.1
45770.0 1984 MAR 10. R 18.99 250.3 O. 05 30_ 3 80.l
46780.0 1984 MAR 20.5 [8.99 250.4 0.05 306.7 80.2
45790.0 1984 WAR 30.5 18.99 250.5 0.04 306.1 80,3
45800.0 1984 APR 9.5 18.99 250.6 0.04 305.8 80.3
45810.0 1984 Am9 19.5 18.99 250.7 0.04 305.0 80._
45820*0 1984 APR 29=5 19,00 250.9 0.04 304.4 80.5
45830,0 1984 M_Y 9.8 19,00 251.0 0.04 303.8 80._
45840.0 [984 M_Y 19.5 [9.00 251.[ 0.04 303.2 80.5
45850.0 1984 MAY 29.5 19.00 251.2 0.03 302.5 80.7
45860.0 1984 JUq 8.5 19.00 251.3 0.03 301.9 80.7
45870.0 1984 JUN 18.5 [9.01 251.4 0.03 301.3 80.8
45880.0 1984 JUN 28.5 19.01 251.6 0.03 300.6 80,9
48890.0 1984 JUL 8,5 19.0[ 251.7 0.03 300°0 80.9
45900.0 [984 JUL 18.5 19.0[ 251.8 0.03 299.3 81.0
45910.0 [984 3UL 28.5 19.01 251.9 0.03 298.5 31.3
45920.0 1984 AUG 7.5 19.01 252.0 0.02 298.0 81.1
45q30.0 1984 AUG 17.5 19.02 282.2 0.02 297.3 81,I
45940.0 1984 AUG 27.5 19,02 252*3 0.02 296.6 81.2
45950.0 1984 SEP 6.5 19.02 252.4 0.02 295.9 81.3
45960.0 1984 SEP 16.5 19.02 252.5 0.02 295. Z 81.3
&5970.0 1984 SEP 26*5 19.02 252.6 0.02 294.4 81._
45980.0 1984 3CT 6.5 19.03 252.8 0.01 293.7 81.4
46990.0 1984 3CT 16.5 19.03 252,9 0.01 293.0 81._
46000.0 1984 3CT 26.5 19.03 253.0 0.01 292.2 81.5
46010.0 1984 q3V 5. _ 19.03 253.1 0.01 291.5 81.5
46020.0 198_ NOV 15.8 [9.03 253.2 0.0[ 2q0*Y 81.6
46030.0 1984 qDV 25.5 19.04 253.4 0.01 290.0 81.5
46040.0 1984 OEC 5.R 19.04 253.5 0.00 289.2 81.7
46050*0 1984 DEC 15._ 19.0_ 253.6 O. O0 288._ 8[.7
46060.0 1984 DEC 2_.5 19.04 253.7 0.00 287,5 81.7
_6070.0 1985 JAN 4.5 19.04 253.8 -0.00 286.8 81.8
46080.0 1985 JAN 14._ 19.04 254.0 -0.00 286.0 81.8
46090.0 1985 JAN 24.5 19.05 254.1 -0.00 285.2 81.8
46100.0 1985 FEB 3.5 19.05 254.2 -0. O[ 284._ 8[.9
46110.0 1985 FF8 13.5 19.05 254.3 -0. 01 283.5 81.9
46120.0 1985 FEB 23.5 19.05 254.4 -0.01 282.8 81.9
46130.0 1985 MAR 5.5 19,0_ 2_4.5 -0.01 282.0 81.9
46140.0 1985 _AR 15.5 19.06 254.7 -0.01 281.1 82.0
46150.0 1985 MAR 25.5 19.06 254.8 -0.01 280.3 8_.0
46180,0 1985 A_ 4.5 19.06 254. g -0.01 779.5 B>.O
46170.0 1985 APR 14,5 19.06 255.0 -0.02 278.6 82.0
46180.0 1988 _ 24.5 19.06 255.1 -0.02 277.8 8_.0
46190,0 1985 MAY 4._ 19.06 255.3 -0.02 276.9 82.1
46200.0 1985 MAY 14.5 19.07 255.4 -0.02 276.1 82.1
46210.0 1985 MAY 24.5 19.07 255.5 -0.02 275._ 8_.I
46220.0 1985 J UN 3.5 19.07 255*6 -0.02 274.3 8_.I
46230.0 1985 JUN 13.5 19.07 285.7 -0.03 273.5 8_.I
46240.0 1985 J UN 23.5 19.07 258.9 -0.03 272.6 82.1
46250.0 1985 JUt 3.9 19.08 256.0 -0, 03 271.8 92.1
46260.0 1985 JUL 13.5 19.08 256.1 -0.03 ?70,9 82*I
46?70.0 1985 JUL 23.5 19.08 256.2 -0.03 270.0 82.[
46280*0 1985 AUG 2._ 19.08 256.3 -0.03 269*2 82.I
46290.0 1985 AUG 12.5 19.08 256.4 -0.04 268,3 82.L
46300.0 1985 AUG 22.5 19.08 256.6 -0.04 267._ 82.1
463[0,0 1985 SEP 1.5 19.09 256.7 -0.04 266,6 87.I
463?0.0 198_ SEP 11.5 10.09 256.8 -0.04 265.7 82.1
46_30.0 1985 SFP 21.5 19.09 256.9 -0.04 264.9 82.1
46_0.0 1985 3C T 1.5 [9.09 287.0 -0.04 264.0 82.1
46350.0 1985 3CT 11.5 19.09 257.2 -0.05 263.2 82.1
46360.0 1985 3CT 21.5 19.[0 257.3 -0.05 262.3 87.0
46370.0 1985 _V 0.5 19.10 257.4 -0.05 261.5 8_.0
46380.0 1985 N3V I0.5 19,10 257.5 -0.05 260.6 8_.0
46390.0 198_ NOV 20.5 [9.10 257.6 -0.05 259.8 8_,0
46400.0 1985 DEC 0.5 19.10 257.7 -0.05 259.0 82.3
&6410.0 1985 DEC 10.5 19.11 257,9 -0.05 258.1 81.9
_6420.0 1985 _EC 20.5 19.11 2_8.0 -0.06 2_7.3 81.0
4_430.0 1985 OFC 30.5 19.11 258.1 -0.06 256.5 81.9
46440.0 1986 JAN 9.5 19.11 258.2 -0.05 255.7 81.9
OECS
19.33 33 .24 268. l 1.22 256.7 -28. l
13.48 3).24 268.2 [.21 256.8 -28.2
[9.61 30.24 268.2 1.21 256.8 -28.2
[9.73 3_.24 268.3 [.2[ 256.9 -28.2
[9.82 33°24 268.3 1.2[ 257.0 -28.2
19.90 30,24 268.4 1.21 257.0 -28.2
1).94 3).24 268.5 1.21 257ol -28.2
[9,95 30.24 268._ 1.2[ 257.2 -28.2
[9.94 30.24 268.6 1.20 257.2 -28.2
19.90 30.24 268.6 1.20 257.3 -28.2
19.86 30.24 268.7 [.20 257.4 -28,2
19.74 33.24 268.7 1.20 257.4 -?8.2
19.63 30.24 268,8 1.20 257.5 -28.2
19.50 30.24 268.9 1.20 257.6 -28.2
19.35 30.24 268.9 1.20 257.6 -28.2
19,19 30.24 269.0 1.20 257.7 -28.2
19.32 33.24 269.0 1.19 257.8 -28.2
18o85 30.24 269.1 1olq 257.8 -28.3
18.68 30.24 269.2 1.19 2S7.9 -28.3
18.52 33.24 269.2 1.19 258.0 -28.3
18.38 30.24 269.3 1.[9 258.0 -28.3
IB.25 30.24 269.3 1.[9 258.1 -28,3
[8.15 33 .24 269.4 1.[9 258.2 -28.3
18.07 30.24 269.5 1.18 258.2 -28.3
18o0[ 30.24 269.8 1.18 258.3 -28.3
17.99 30 .24 269.6 1.18 258.4 -28.3
[7.99 33.24 269.6 1.18 258.4 -28.3
18.03 30.24 269.7 1.[8 258.5 -28.3
18.09 30.24 269.8 1.18 258.6 -28.3
18.18 38,26 269.8 1.18 258.6 -28.3
18.29 33 .24 269.9 1.17 258.7 -28.3
18.42 30°24 269.9 1.17 258.8 -28.3
18.57 30.24 270.0 1.17 258.9 -28.3
18.73 30.24 270.0 1.17 258.9 -28.3
18.90 33.24 270.1 L.17 259.0 -28.4
19.07 33 .24 270.2 1.17 259.1 -28.4
19.24 3).24 270.2 1.17 259.1 -28. A
19.40 33.26 270.3 [*17 259.2 -28.A
19.55 30.24 270.3 1.16 289.3 -28.4
19.58 33.24 270.4 [.16 259.3 -28.4
19.B0 30.24 270.5 [.16 259.4 -28,4
[8.89 33.23 270.5 1.16 259.5 -28.6
19.96 33.23 270.6 1.16 259.5 -28.4
20.01 30.23 270.6 1.16 259.6 -28._
20.02 30.23 270,7 1.16 ?59.7 -28.4
23.31 33 *23 270*8 1.15 259*7 -28,4
19.97 33.23 270.8 1.15 259*8 -28.4
19.90 30.23 270.9 1.15 259.9 -28.4
19.81 30*23 270.9 1,15 259,g -28.4
19.69 30.23 771.0 1.18 ?60.0 -28.4
19.55 33.23 271.1 1.15 260.[ -28*4
19.41 33*23 271.1 1.15 260.I -28.4
19.25 30.23 271.2 I*14 260*2 -28.4
19.08 30.23 27L.2 1.14 260.3 -28.4
18.91 30.23 271.3 [.14 260*3 -28.5
18.75 33.23 271.3 [.14 260.4 -28.5
13.59 33.23 271.4 1.14 260.5 -28.5
18.44 33.23 271.5 1.14 260.5 -28.5
PLUTO
CO[ST R LON3 LAT RAS OECS CDIST
30.27 29.79 209.0 I6.97 [64.4 0,0 30.62
30.44 29.79 209.1 16.96 164.5 0.0 30.69
30,60 29.78 209.[ [6.96 [64.6 0o0 30.72
30.75 29°78 209.2 [6.96 [64.6 0.0 30.74
30.89 29.78 209,3 16.95 164.7 0.0 30.72
31.00 29o78 209.3 16.95 164o8 0.0 30.68
3[.10 29.78 209.4 [_95 [ 64.8 0.0 30.6[
3[.17 29.78 209.5 16.94 [64.9 0.0 30.52
3[.21 29.77 209.5 16.94 [65.0 0,0 30,40
3[,22 29.77 209.6 16.94 165.0 0.0 30.27
3[.21 29.77 209,7 [6.93 165.1 0.0 30.12
3[.16 29.77 209.8 16.93 L65.2 0.0 29.96
31.09 29.77 209,8 16.93 165.2 0.0 29.79
30.99 29.76 209.9 [6.92 165.3 0.0 29.62
30.87 29.76 210.0 16.92 165.4 0.0 ?9.46
30.74 29,76 210.0 16.92 [65.4 0.0 29.3[
30.58 29.76 210.1 16.91 165.5 0.0 29.16
30.42 29.76 210.2 [6.9[ 165.6 0.0 29.04
30.25 29,76 210.3 [6.91 165.6 0.0 28.94
30.07 29.75 210.3 [6.90 IA5.7 0.0 28.86
29.q[ 29.75 210,4 [6.90 165.8 0.0 28.81
29.75 29.75 210.5 16,89 [65*8 0.0 ?8*79
29.61 29.75 210.5 16.89 165.9 0.0 28.80
29.48 29,75 210,6 [6. 89 [66.0 0.0 28.83
29.38 29. 78 210.7 [6*88 166.0 0.0 28.89
29.30 29.74 210.7 [6. 88 166.1 0.0 28.98
29.28 29.74 210.8 16.88 166.2 0o0 29.09
29.22 29.74 2[0.9 16.87 166.2 0o0 29.2[
29.23 29.74 211.0 16, 87 166.3 0.0 29*35
29.26 29.74 21[.0 16.86 166._ 0.0 29._0
29.33 29.74 211.1 [6.86 [66.5 0.0 29.66
29.41 29.73 211.2 16.86 155.5 0.3 29.82
29.53 29.73 211.2 16.85 [66.6 0.0 29.98
29.66 29.73 2LL.3 16.85 166.7 0.0 30.13
29.81 29.73 211.4 [6.84 [66.7 0,0 30.26
29.97 29.73 211.5 16.84 166.8 0.0 30.39
30.13 29.73 211.5 16.84 [66.9 0.0 30.49
30.30 29.72 211.6 16.83 [66.9 0.0 30.57
30,47 29.72 211.7 16.83 167.0 0.0 30.63
30.63 29.72 211.7 16.82 167.1 0.0 30.67
30*78 29.72 211.8 [6.82 167.1 0.0 30.67
30.91 29.72 211,q 16.82 167.2 0.0 30.65
31.02 29.72 211.q 16.8l [67*3 0.0 30.60
31.11 29.71 212.0 16.81 167.3 0.0 30.53
31.18 29,7| 212.1 16.80 167.4 0.0 30.43
31.21 29.71 212.2 16.80 187.5 0.0 30.3[
31.72 29.71 212.2 16. 80 167.5 0.0 30.17
31.19 29.7[ 212,3 16.79 167.A 0.0 30.02
3].[4 29.71 212.4 16.79 167.7 0.0 29.86
31.06 29.71 212.4 16.78 167,7 0.0 29*69
30.96 29.70 212.5 16.78 157.8 0,0 29.53
30,83 29.70 212.6 [6.77 [57.g 0.0 29.37
30.69 29.70 2L2.7 16.77 167*g 0.0 29.21
30.53 29.70 212.7 16.76 168.0 0o0 29.08
30.37 29.70 212.8 16.76 168,1 0.0 28.96
30.19 29.70 212.9 16.76 168.1 0.0 28*86
30.02 29.69 212.9 16.75 168.2 0.0 28.79
29.86 29.69 213.0 16.75 [68*3 0o0 28*75
18.32 33.23 271._ 1.14 260.6 -28.5 29.71 29.69 213. l 16.74 168.4 0.0 28,73
18.21 30.23 271.6 1.13 260.7 -28.5 29.57/ 29.69 213.2 16.7_ 168.4 0.0 28.?4
18.13 30.23 271.6 1.13 260.7 -28.5 29.45 29.69 213.2 16.73 168.5 0.0 28.78
1_.39 3].23 271.7 1.13 260.8 -28.8 29.3_ 29.69 2[3.3 16.73 168.6 0.0 28.85
18.06 30.23 271.8 1.13 260.9 -28.5 29.?8 29.69 213.4 16.72 168.6 0.0 28.94
18.06 33 .23 271.8
18.10 30 .23 271.9
I8.16 33.23 271.9 1.13 261.1 -28.5
IB.25 3].23 272.0 1.12 261.[ -28.5
L8.36 33.23 272.1 1.12 261.2 -28.5
18.49 39.23 272.1 1.12 261.3 -28._
18.64 30.23 272.2 1.12 261.3 -28.5
18.80 30.23 272.2 1.12 261.4 -28.5
13.97 33.23 27?.3 1.12 261.5 -28.5
19.14 33,23 272.4 1.12 26[,5 -28.5
19.31 33.23 272,4 1.1l 261.6 -28.5
19.47 30*23 272.5 1.11 261,7 -28. =
19.62 33.23 272.5 [.ll 261.7 -28.5
Lg.76 33.23 272.6 [.11 261.8 -28.6
19.87 33.23 272.6 1.11 261.9 -28.6
Ig,96 33.23 272,7 1.11 261.9 -28.6
23.83 33.23 272.8 l.[] 262.0 -28.6
23.08 33.23 272.8 1.10 262.1 -28,6
20.09 33.23 272.9 1.10 262.1 -28.6
20.08 33.23 272.9 1.10 262.2 -28.6
23.03 33.23 273.0 l.lO 262.3 -28.6
19.97 30.23 273.[ 1.10 262.3 -?8.6
1.13 260.g -28.5 29.23 29.68 213.4 16.72 168.7 0.0 29.05
1.13 261.0 -?8.5 29.71 29.68 213.5 16.71 168,8 0.0 29.18
29.23 29.68 213.6 16.71 168.8 0.0 29.33
29.27 29.68 213.6 16.70 188.9 0.0 29.48
29.34 29.68 213.? 16.70 169.0 0.0 29.64
29.43 29o68 213.8 [6.70 169.0 0.0 29,80
29.55 ?9.68 213. q 16.6g 169.1 0.0 29.95
29.69 29.68 213.9 16.69 169.2 0.0 30.10
29,84 29.67 214.0 16.68 169._ 0.0 30.24
30.00 29.67 214.1 16. 68 169.3 0.0 30.36
30.17 29.67 214.1 16.67 169.4 0.0 30.46
30.34 29.67 2[4.2 16.67 159.4 0.0 30.53
30.51 29.67 214.3 16.66 169.5 0.0 30.59
30.66 29*67 214.4 16.66 169,6 0.0 30._2
30.51 29.67 214.4 16.65 [69.6 0.0 30.52
30.94 29.67 214.5 16.65 169.7 0,0 30.59
31.04 29.66 214.6 16.64 169o8 0.0 30.54
31.12 29.66 214.6 16.64 169.9 0.0 30.46
31.[8 29.66 214.? [6.63 169.9 0,0 30.36
31.21 29.66 214.8 16.63 170.0 0.0 30.23
31.21 29.66 214.9 16.62 170. I 0.0 30.09






























































































































































































































































































































































































































































































































































































































































































































































































































































URANUS NEPTUqE PLUTODATE _ LONG LAT RAS DECS COIST R LONG LAI RA$ OECS COIST R LONG LAT RAS OECS COIST
46450.0 1986 JAN lq.5 19.11 258.3 -0.06 254.9 81.8 19.87 30.23 273.1 1.10 262.4 -28.6
46460,0 1986 JAN 29,5 19,11 258,5 -0,06 256,1 81,8 19.76 33.23 273.2 1.10 262.5 -28°6
46670,0 1986 FEB 8,5 19,12 258.6 -0, 06 253.3 81,8 19,62 33.23 273.2 1.09 262.5 -28.6
46480.0 1986 FEB 18,5 19,12 258,7 -0,07 252,5 8[,7 19.47 30.23 2?3.3 1.09 262°6 -.28,6
46490.0 1986 _A_ 0.5 19.12 258.8 -0.07 251+7 81.7 19.31 33.23 273.6 1.09 262.7 -28.6
465_0.0 1986 MAR 10,5 19.12 258,9 -O, 07 25_9 81.T [9,14 30,23 273,4 [.09 262.7 -28.6
46510.0 1986 _A8 20.5 19.12 259.0 -0°07 250.2 8|°6 18.97 30.22 273.5 1.09 262.8 --28.6
46520.0 1986 MAR 30.5 19°13 259.2 -0.07 2¢9.4 81.5 18.81 30.22 273.5 1.09 262.9 -28.6
46530.0 [986 APR 9.5 19.13 259.3 -0.07 248.7 81.5 18.65 30,22 273.6 1.09 262.9 -28.6
46860.0 1986 A_ 19.5 19.13 259.4 -O. O8 247.9 81.5 18.51 33.22 273.7 [.08 263.0 -28.6
31.12 29.66 215.0 16.61 170.2 O.O 29.77
31.03 29.66 215.1 16.60 170.3 0.0 29.61
30.92 29.65 215.1 16.60 170.3 O.O 29.44
30.79 29.65 215.2 16.59 170.6 O.O 29.28
30.66 29.65 215.3 16.59 170.5 0.0 29.13
30.68 29.65 215.3 16.58 170.5 O.O 29.00
30.31 29.65 215.4 16.58 170.6 0.0 28.89
30.14 29.65 215.5 [6.57 170.7 0°0 28.79
29.97 29.65 215.6 16.57 170.7 0.0 28.73
29.81 29.65 215.6 16.56 170.8 0.0 28.69
66550.0 1986 APR 29.5 19.13 259.5 -0.08 267.2 81.5 18.38 30.22 273.7
46560.0 t986 _AY 9.5 19.13 259.6 -0.08 266,6 81.% 18.28 33.22 273.8
46570.0 1986 HAY 19.5 19.13 259.7 -0.08 245.7 81.# 18.20 30.22 273.8
46580.0 1986 _AY 29.5 10.14 259.9 -0.08 265.0 81.3 18.15 30.22 273.9
46_90.0 1986 J U_ 8.5 19.16 26_0 -0.08 266.3 81.3 18.13 33.22 273.9
46600.0 1986 J t_ 18.5 19.16 260.1 -0.08 263.6 81.2 18.13 30.22 276.0
46610.0 1986 JUN 28.5 19.14 260.2 -0.09 242.9 81.2 18.17 3_.22 274.1
46620.0 1986 JUL 8.5 19.14 260.3 -0.09 242.2 81.1 18.23 30,22 274.1
46630.0 1986 JUt 18.5 19.15 260.5 -0.09 261.6 81.1 18,32 30.22 274.2
46640.0 1986 JUL 2R.5 19.15 260.6 -0. 09 260.9 81.0 18.63 30.22 274.2
66650.0 1986 AUG 7.5 19.15 260.7 -0.09 240.3 80.9 18.57 30.22 276.3
46660.0 I986 AUG 17.5 19°15 260.8 -0.09 239.5 83._ 18.72 30.22 276.4
66670.0 1986 AUG 27.5 19.15 260.9 -O. lO 239.0 80.8 18.88 30.22 274.4
46680.0 1986 SEP 6.5 19.16 261.0 -O. lO 238.3 80.8 19.84 33.22 274.5
48690.0 1986 SEP 16.5 19.16 261.2 -0.10 237.7 80.7 19.22 33,22 274.5
66700.0 1986 SEP 26.5 19.16 261.3 -0.10 237.1 80.5 13.38 30.22 274.6
46710.0 1986 )CT 6.5 19.16 26t.4 -0.10 236.8 80.5 1_.54 33.22 274.7
46720.0 1986 OCT 16.5 19.16 261.5 -0.10 235. q 80.5 19.69 30.22 274.7
46730.0 1986 3CT 26.5 19.16 261.6 -0.11 235.3 80.6 19.83 30.22 274.8
46740.0 1986 NOV 5.5 19.17 261.7 -0.11 234.7 80.6 19.94 33.22 276.8
46750.0 1986 N3V 15.5 19.17 261.9 -0.11 234.2 80.3 20.34 30.22 276.9
_6760.0 1986 _3V 28._ 19.17 262.0 -0.11 233.5 80.2 20.10 33.22 278.0
46770.0 1986 DEC 5.5 19.17 262.1 -0.11 233.1 80.2 20.14 30.22 275.0
46780.0 1986 DEC 15.5 19.17 282.2 -O. ll 232.5 80.[ 20.16 30.22 278.1
66790.0 1986 DEC 25.5 Iq. 18 262.3 -0.11 232.0 80.0 20.16 30.22 278.1
46800.0 1987 JAN 4°5 19.18 262.5 -_ 12 231,_ 80.0 20.10 30.22 278.2
46810.0 1987 JAN 14.5 19.18 252.6 -0,12 230, 9 79.g 23.03 3).22 27_.3
46820.0 1987 JAN 24.5 lq. 18 262.7 -0.12 230.6 79.8 19.94 30,22 275.3
46830,0 1987 FE8 3.5 lq.18 262.8 -0.12 229.9 79.7 19.82 30.22 275.4
46840.0 1987 FEB 13.5 19.19 262.9 -0.12 229.6 7q.7 19.68 30.22 275.6
46850.0 1987 FEB 23.5 19.19 263.0 -0.12 ?28.9 79.5 19.53 33.22 275.5
66860.0 1987 qA_ 5.5 19.19 263.2 -0.13 2_8.% 7_.5 1_.37 33.22 275.5
66870.0 1987 _AR 15.5 lg.[g 263.3 -0.13 227.9 79.6 1_.20 30.22 275.6
45880.0 1987 _AR 25.5 19.19 263.4 -0.13 227.6 79._ 19.04 30.22 275.7
46890.0 1987 AP_ 4.5 lq.lg 263.5 -0.13 P27. O 79.3 18.87 30.22 275.7
_6900.0 1987 APR 14.5 19.20 263.6 -0.13 226.5 79.2 18.71 30.22 275.8
46910.0 1987 A)_ 26.5 19.20 263.7 -0.|3 226.1 79.1 18.57 33.22 275.8
45920.0 1987 MAY 4.5 19.20 263.9 -0.16 225.6 70.3 18.65 30.22 275.q
46930.0 1987 qAY 14._ 19.20 264.0 -0.14 225.2 79,0 18.34 33.22 276.0
46940.0 1987 _AY 24.5 19.20 264.1 -0.14 22_.7 73.Q 18.27 33.22 276.0
46950.0 1987 JUN 3.5 19.21 264.2 -0.14 226,3 78.8 18.22 30.22 276.1
46960.0 1987 JUN 13._ 19.21 264.3 -0.14 223.9 73.? 1_.19 33.22 276.1
66970.0 1987 JUN 23.5 19.21 266.4 -0.14 223.5 78.5 18.20 33.22 276.2
46980.0 1987 JUL 3.5 19.21 264.6 -0.14 223.1 78.5 18.76 30.22 276.3
46990.0 1987 JUL 13._ 19.21 264.7 -0.15 22?.7 78.5 18.30 33.21 276.3
47000.0 1987 JUL 23.5 19.21 264.8 -0.15 222.3 78.% 18.39 33.21 276.4
47010.0 1987 AUG 2.5 19.22 264.q -0.[5 221.9 78.3 18._0 33.21 276.4
47020.0 1987 AUG 12._ 19.22 265.0 -0.15 221.5 78.2 [9.66 30.21 276.5
47030.0 1987 AUG 22. _ 19.22 265.1 -0.15 221.[ 78.1 18.79 33.21 276.6
47060.0 1987 5E ) 1.5 19.22 26_.3 -0.15 220.7 78._ 13.95 30.71 276.6
47050.0 1987 5EP 11.5 19.22 265,4 -0.16 220.6 77.9 19.12 30.21 276.7
47060.0 1987 SE_ 21.5 19.23 265.5 -0.16 220.0 77._ 19.29 33o21 276.7
47070.0 1987 OCT 1.5 19.23 265.6 -0.16 219. 6 77.8 19.65 33.21 276.8
47080.0 1987 3CT II. _ 19.23 26_.7 -0.16 219.3 77.7 1_.52 33.21 276.8
67090.0 1987 3CT 21.5 19.23 265.8 -0.16 218. q 77.6 1Q.77 30.21 276.9
47100.0 1987 _V 0.5 19.23 266.0 -0.16 218.6 77.5 19.90 30.21 277.0
67110.0 1987 _3V 10.5 lq.24 266.1 -0.16 218.3 77._ 23,32 33.21 277.0
67120.0 1987 NOV 20.5 19.24 266.2 -0.17 217.9 77.3 20.11 33.21 277.1
47130.0 1987 DEC 0.5 19.24 266.3 -0.17 217.6 77.2 20.17 30.21 277.1
47160.0 1987 OEC lO._ 19.2 _ 266.4 -0.17 217.3 7_.L 23.21 33.21 277.2
47150.0 1987 OEC 20.5 Iq.24 266.5 -0.1 7 217.0 77.0 23.23 33 .?1 2?7.3
67160.0 1987 OEC 30.5 19.2& 266.7 -0.17 716.5 75._ ?).21 33.21 277.3
47170.0 1988 JAN 9.5 Iq.25 266.8 -0.17 216.3 75.8 20.17 30.21 277*4
47180.0 1988 JAN 19.5 Iq.25 266.g -0.18 216.0 76.8 20.09 30.21 277.4
47190.0 lq88 JAN 79.5 lq.25 267.0 -0.18 215.7 75.7 20.33 33.21 277.5
47200.0 1988 FE8 8.5 19.25 267.1 -0.18 215.6 75,S 1_.88 33 .21 277.6
47210.0 lq88 _FB 18.5 19.25 287.2 -0.18 215.1 7_._ 1_.7_ 33.2I 277.6
47220.0 1988 WAR 0.5 19.26 267.4 -0.18 214.8 76._ 1g.5_ 33.21 277.7
47?30.0 1988 _AR 9.5 lq.26 267.5 -0.[8 216.6 7_.3 Lq.63 30.2L 277.7
47260.0 1988 MAR Iq.5 19.26 267.6 -0.18 ?16.3 76.? 19.27 33 .71 277.8
47250.0 1988 _A_ 29.5 19.2_ 267.7 -0.19 214.0 ?5.1 1_.13 33.21 277.9
47260.0 198_ A)_ 8._ Iq.26 267.8 -0.19 213.7 75.0 18.93 33.21 277.9
47270.0 1q88 APR 18._ 19.26 267.q -0.1q 213._ 75,9 1R.78 33.21 278.0
47280.0 [988 APR 28. _ 19.27 268.1 -0. Iq 213.2 75.R 18.54 33.21 ?78.0
67290.0 1q88 MAY 8.5 19.27 268.2 -0.19 212.9 75.7 18.51 30.21 278.1
1.08 263.1 -28.6 29.66 29.64 215.7 16.56 170.9 0.0 28.68
1o08 263.1 -28.6 29.53 29.64 215.8 16.55 170.9 0.0 28.70
1.08 263.2 -28.6 29.41 29.64 215.8 16.54 171.0 0.0 28.75
1.08 263.3 -28.6 29.32 29.64 215.9 16.56 171.1 0,0 28.82
1.08 263.3 -28.6 29.25 29.64 216.0 16.53 171.1 0.0 28.92
[.08 263.4 -28.6 29.22 29.64 216.[ 16.53 171.2 0.0 29.03
1.07 263.5 -28.6 29.21 29.64 216.1 16.52 [71.3 0.0 29.18
1.07 263.5 -28.6 29.23 29.64 216.2 16.52 171,4 0.0 29.31
1.07 263.6 -28.6 29.28 29.6_ 216.3 16,51 171.4 0.0 29.4T
1.07 263.7 -28.7 29.35 29, 64 216.3 16.51 171.5 0.0 28.53
1.07 263.7 -28.7 29.65 29.63 216,6 16.50 171.6 0.0 29.78
1.07 263.R -28.7 29.58 29.63 216.5 16.69 171.6 0.3 29.96
1.07 263.9 -28.7 29.72 29.63 216.6 16.49 171.7 0.0 30.09
1.06 266.0 -28.7 29,87 29.63 216.6 16.48 171.8 0.0 30.22
1.06 264.0 -28.7 30.04 29.63 216.7 16.48 171.8 0o0 30.34
t.06 264.1 -28.7 30.21 29.63 216.8 16.47 171.9 0.0 30.43
1.06 264.2 -28.7 30.37 29.63 216.8 16,46 17_.0 0,0 30,51
1,06 264.2 -28.7 30.54 2q.63 216.9 18.46 172.0 0.0 30.55
1.06 264.3 -28.7 30.69 29.63 217.0 16.45 172.[ 0.0 _0.58
1.06 264.4 -28.7 30.83 29.62 217.1 16.45 172.2 0,0 30,57
1.05 264.4 -28.7 30.96 29.62 217.1 16.44 172.2 0.0 30.54
L.05 264.8 -28.7 31,06 29.62 217.2 16._6 172.3 0.0 80.68
1.05 264.6 -28.7 31.13 29.62 217.3 16.63 172.4 0o0 30.40
L,05 264.6 -28.7 31.18 29.62 217.3 16.42 [72.6 0o0 30.29
1.05 264.7 -28.7 31.20 29.62 217._ 16.42 172.5 0.0 30.16
1.05 264.8 -28.7 31.19 29.62 217.5 1_.41 172.6 0,0 30.02
1.05 264.8 -28.7 31.15 29.62 217. _ [6.60 172.6 0.0 29.85
1.0& 264.9 -28.7 31.09 29.62 217.6 16.40 172.7 0.0 29.T0
1.04 265.0 -26.7 31.00 29.62 217.7 16.39 172.8 0.0 29.53
1.04 26_.0 -28.7 30.88 29.62 217.8 16.39 172.g 0.0 29.37
1.06 265.1 -28°7 30.75 29.61 217,8 16.38 172.9 0,0 29.21
1.04 265.2 -28,7 30._0 29.61 217.9 16.37 173.0 0.3 29.36
1.04 265.2 -28.7 30.43 29.61 218.0 16.37 173.1 0.0 28.94
1.03 26_.3 -28.7 30.26 2q.61 218.0 16.36 173.1 0.0 28.83
1.03 265.4 -28.? 30.0g 2g.61 218.1 16.36 173.2 0.0 28.74
1.03 265.4 -28.7 29.92 29.61 218.2 16.35 173,3 0.0 28.68
1,03 265.5 -28.7 29.76 29.61 218.3 16.36 173.3 0.0 28.5_
1.03 26_.6 -28.7 29.62 29.61 218.3 16.34 173.A 0.0 28.65
1.03 265.6 -28.7 29.Aq 2g. 61 218.4 16.33 173.5 0.0 28.57
1.08 265.T -28.7 29.38 29.61 218.5 16.32 173.8 0.0 28.72
1.02 265.8 -28.7 29.29 29.61 218.5 16.32 173.6 0.0 28.80
1.02 265.8 -28,7 29.23 29.61 218.6 16,31 173.7 0.0 28._0
1.02 265.q -28.7 29.20 29.60 2[8,7 16.30 173.7 0.0 29.02
1.02 26_.0 -28.7 29.20 29.60 218.8 16.30 173.8 0.0 29.16
1.02 266.0 -28.? 29.23 29.60 218.8 16.29 173.q 0.0 29.31
1.02 266.1 -28.7 29.28 29.60 218.9 16.28 173.9 0.0 29.66
1.02 266.2 -28.7 29.37 29.60 2Iq.0 1_.28 176.0 0.0 29.52
1.01 266.2 -28.7 29.47 29.60 219.0 16.27 176. I 0.0 29.78
1.01 266.3 -28.7 29.60 29.60 219.1 16.26 174.2 0.0 29.94
1.0[ 266.& -28.8 29.75 29.60 219.2 16.76 176.2 0.0 30.88
1.01 266.4 -28.8 29.90 29.60 219.3 16.28 176.3 0.0 30.21
1.01 266.5 -28.8 30.07 29.60 219.3 16.26 176.6 0,0 30.33
[.01 266.6 -28.8 30,24 29.60 219.6 [6,26 1TA. 6 0.0 80.62
1.00 266.6 -28.R 30.41 29.60 219.5 16.23 176.5 0.0 30,69
1.00 266.7 -28.8 30.57 29.60 219.8 16.22 176.6 0.0 30.53
1.00 266.8 -28.8 30.72 29.60 219.6 16.22 1T4.6 0.0 30,55
1.00 266.9 -28.8 30.86 29.60 219.T 16,21 17A.7 0.0 30.56
1.00 266.9 -28.8 30.98 29.59 219.7 16.20 174.8 0.0 30.50
1.00 267.0 -28.8 31.07 29.59 219.8 16.20 1T6.8 0.0 30. 44
1.00 267.] -28.8 31.14 29.59 219, q 16.[9 176.9 0,0 30.38
0.99 267.1 -28.8 31.18 29.59 220,0 16.18 175.0 0,0 30.26
0.99 ?67.? -28.8 31.19 29.59 220.0 16.18 178.0 0,0 33.[1
0.99 267,3 --28.8 31.18 29.59 220.1 16,17 1T5,[ 0.0 29.96
0.99 267,3 -28.8 31.1_ 29.59 220,2 16.16 175.2 0.0 29.80
0.99 267.4 -28.8 31.06 29.59 220.2 16.16 175.2 0.0 29.64
0.99 267.5 -28.8 30.96 29.59 220.3 16.15 175.3 0.0 29.47
0.98 26?.S -28.8 30.84 ?g._q 2?0.4 16,16 17_.6 0.0 29.31
0.98 267.6 --28.8 30.70 29.59 220.5 16.13 175.8 0.0 29.15
0.98 267.7 -28.8 30._5 29.59 220.5 16.13 178.5 0.0 29.01
0.98 26T.7 -?8.8 30.38 29.59 ?20.6 16.12 [78.6 0.0 28.88
0.98 267.8 -28.8 30.21 29.59 220.7 16.11 178.T 0.0 28.78
0.98 267.9 -28.8 30.04 29.59 220.T 16.11 175.7 0,0 28.70
0.98 267.9 -28.8 29.88 29.59 220,8 16.10 17_.8 0.0 28.65
0.97 268.0 -28.8 29.72 29.59 220. g 16.09 [7_.9 0.0 28.62












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PLANEr ARY EPHEMER IS
HELIOCENTRIC FCLIP7 IC COOROIqATES
URANUS NEPTU_I E PLUTO
DATE _ LON_ LAT RAS DECS CD[ST R tONG tAT RAS DECS CDIST R tON_ LAT RAS DECS CDIST
212.7 75.% 13.41 33.21 278.2 O.g7 268,1 -28.8 29.48 ?9.58 221.0 16.08
212.4 75.5 lB.33 33.2] 278.2 0.97 268.2 -28.8 29.38 2g.68 221.1 [6.07
?12.2 76.% 18.78 30*2[ 278.3 0.97 268.8 -28.8 2q.27 29.58 221.2 16.06
211.9 75.3 18.26 30.21 278.3 o.q7 268.3 -28.8 29.22 29.88 221.2 16.05
211.7 75.? 18,27 30.?t 278.4 0.97 268.4 -28.8 2q.19 29.68 721.% 16.05
211.4 75.t 18.31 30.2[ 278.4 0.96 268.5 -28.8 29.?0 29.58 221.4 16.04
211.? ?5.0 1B.37 33.21 278.5 0.96 268.5 -28*8 2o.73 2q.68 221.4 16.03
210.9 ?4.q [8.46 39.21 2?8.6 0,96 268.6 -28.8 2q.%0 29.58 271.5 16.07
210.7 74.8 [8.58 30.2[ 278.6 o.q6 268.7-28.8 29.38 ?9.58 22].6 [6.02
210.5 74.? 18.7t 30.21 ?78.7 0.96 268.7 -28.8 ?9.50 2q.58 221.7 16.01
710._ 74.% ]3.B6 33.21 278.7 0.96 268.8 -?8.8 29.63 29.58 221.7 16.00
210.0 7%._ [9.32 33.71 278.8 0.95 268.q -28.8 29.78 29.58 721.8 15. q9
209.8 74.4 19.19 30.21 278.9 0.95 268.9 -28.8 29.94 ?q.58 721.9 15.99
209.5 74.3 1q.36 33.21 278.9 0.95 269.0 -28.8 30. ll 29.58 271.9 15.98
20q.% 74.2 [9.53 30.21 279.0 0.95 269.1 -28.8 30.28 29._8 222.0 15.97
?09.2 74.t t9.59 33.20 279.0 0.95 269.l-28*8 30.44 29._8 222.1 15.96
208.9 7_.3 19._4 33.?3 279.1 0.95 269.? -28.8 30.60 ?9.68 2?2.2 15.96
208.? 73.9 [9.q7 33.20 279.2 O.g4 26q.3 -28.8 30*75 29.58 222.2 ]5.95
208.5 73,8 20.09 33.20 279.2 Ooq4 26q.3 -28.8 30*88 2q.58 ??2.3 15.94
208.3 73.7 20.18 33.20 279.3 0.94 269.4 -?8.8 3].00 29.58 222.4 1_.q%
?08.1 73.6 20.24 33.20 279.3 O.gZ. 269.8 -?8.8 3[.08 79._8 ?2?.4 15. q3
207.9 7_.5 23.28 33.20 279._ 0.9_ 269.6 -?8*8 31.16 ?q.58 ?2?.6 16.92
?07.7 73._ 20.29 30.20 279.5 0.94 269.6 -28.8 31.18 29.58 2?2.6 15.91
207.5 73.3 20.28 30.20 279.5 O.q4 26q.7 -28.8 31.]8 29.6? 222.7 18. q0
207.3 73.2 20.23 30.20 279.6 0.93 269.8 -?8.8 3[.[6 29.57 222.7 [5*89
207.2 73.1 20.16 30.?0 279.6 0.93 269*8 -28.8 31.[1 29.57 ?22.8 IF.Sq
47300.0 1988 q_Y 18.5 19.27 258.3 -0.19
47310.0 1988 qAY 28.5 19.27 268,4 -0.19
47320.0 [988 JUN 7.q 19.27 268.5 -0.20
47380.0 1988 JUN 17.5 [9.28 268.6 -0°20
47340.0 [988 JUN 27.5 [9.28 268.7 -0.20
47350.0 [988 3UL 7.5 19.28 268.9 -0.20
_7360.0 1988 JUL 17.5 [9,28 269.0 -0.20
47370*0 [988 JUL 27.5 [9.28 ?69.[ -0*?0
47380.0 1988 AUG 6.5 19.28 ?69.2 -0.21
47390.0 1988 AUG 16.5 19.29 269.3 -0.21
&7400.0 1988 AUG 76.5 19.29 269.4 -0.21
47410.0 1988 SE ) 5.5 19.29 260.6 --0.2]
474?0.0 [988 SEP [5.5 10.29 ?69.7 -0.?[
67430.0 ]988 8EP 25. _ 19.29 269.8 -0.2[
47440,0 1988 307 5.5 19.30 269.9 -0.21
47450.n [088 OCT 15.5 19.30 270.0 -0.22
47460.0 1988 3CT 25.5 19.80 270.] -0.22
47470.0 1988 _V 4.5 19.30 ?70.3 -0.2?
47480.0 [988 N_V [4.5 [9.30 270,4 -0.22
47490.0 1988 _3V 24.5 [9.30 270.5 -0.72
47500.0 1988 OEC 4.5 [9.31 270.6 -0.22
47510.0 1988 DEE 14.5 19.31 270.7 -0.23
47520.0 [988 OEC ?4.5 19.31 270.8 -0.23
47530*0 [989 JAN 3.6 19.31 270.9 --0.23
A7540.0 [989 JAN 13.5 10.3] 271.1 -0.73
47550.0 1989 JAN 23.5 19.32 271.2 -0.23
47860.0 1989 FEB 2.5 I(}.32 27].3
47670,0 ]989 FEB 12.6 [q.37 271.4
47_80.0 ]989 FEB 22.6 [9.32 ?7[.5
47590.0 ]989 MAR 4.5 19.32 271.6
47600.0 [989 MAR 14.5 19.32 271.8
47610°0 1989 _A_ 24.5 10.39 271.9
&7670.0 1089 _P_ 3.5 19.3_ ?7?.0
47630.0 [989 APR 13.5 19,33 772.]
47640.0 [989 AP _, 23.5 [9.33 777.?
47650.0 [989 MAY 3.5 19.33 272.3





477]0.0 1989 JUL 2.5 19.34 ?73.0
/+7720.0 1989 JUt [2.5 19.35 773.[
47730.0 1989 JUL 22.5 [9.35 273.3 -0.25
&7740.0 ]989 AUG |.5 19.35 273.4 -0.2A
&7750.0 1989 AUG [1.5 19.35 273.5 -0.26
47750.0 1989 AUG 21. 6 [9.3_ 273.6 _0.26
47770.0 1989 SEP 0.5 [9.16 273.7 -0.26
47780.0 1989 SE _ 10.5 [9.36 273.8 -0.26
47790*0 1989 SEP 20. _ 19.36 273.9 -0.77
&7800.0 [989 9ET 0.5 ]9.36 274.[ -0.27
47810.0 1989 3CT [0. _ [9._6 274.2 -0.27
47820,0 1980 9CT 20.5 [9.36 274.3 -0°27
47830.0 1989 3CT 30.5 19.37 274.4 -0.?7
47840°0 1989 NOV 9.5 19.87 274.5 -0.?7
47850.0 1989 N3V ]9.5 [9._7 274.6 -0.28
_7860.0 1080 N]V 29*5 ]9.37 774.8 -0.28
47870.0 1989 OEC 9.5 19.37 774.9 -0.28
47880.0 1989 DEC 19.5 19.38 ?75.0 -0.28
47890.0 1989 OEC 29.5 [9.38 276.] -0.28
1989 MAY 23.6 19.34 272.6 -0.25 205.0 71.9 18.&7 16.78
1989 JlJN 2._ 19.3& 272.7 -0.25 204.9 71.R 18.40 [5.77
1989 JUN 12.5 ]q.3& 272.8 -0.25 204.7 71.7 18.35
1989 JUN 22.5 19.84 272.9 -0.?5 204.6 71,5 18,33 30.20 280.5 0.91 270.8 -28°8 2q. 20 29.57 223.9 ]F.77
-0.?5 204.% 71.5 18.34 30.20 280.6 0.91 270.9 -28.8 29.18 29.57 223.9 ]_.76
-0.?6 204.3 71.% 18.37 33.29 280.6 0.91 271.0 -28.8 29.20 ?9.67 2?4.0 ]5.75
204.1 71.3 18.44 30.70 280.7 0.90 271.0-28.8 29.?4 ?9.57 224.1 [5.74
208.9 71.2 [8.53 33.?0 280.8 O.qO 271.1 -28.8 29.31 29.57 22&.I [_.73
203.8 7t.1 18.&5 33.20 280.8 0.90 271.2 -28.8 29.40 29.57 224.2 i5.72
203.8 71.0 [5.78 %0.20 280.9 0.90 27[.2 -28.8 ?q.52 29.67 224.3 Ira. Y2
203.5 70.6 18.93 30.20 280.9 0.90 271.3 -?8°8 29°66 29.57 224.3 [6.7[
203._ 70.7 19.10 30.20 ?8].0 0.90 271.& -28.8 29.81 29.57 224.4 [_.70
203,2 70,6 19.27 30.20 28[.I 0.89 771,4 -28.8 29.97 29.57 27&.5 1_.69
203.[ 70. _ 19.44 33.20 281.[ 0.89 27|._ -28.8 30.14 29.57 224.6 ]5.68
202.q 70.% 19.53 39.20 281.2 0.89 27]=6 -28.8 %0.3| 29.57 ?74.6 1_.67
?0?.8 70.3 19.77 30.20 281.2 0.89 771.6 -28.8 30.48 29._7 224-7 15.&7
202.6 70.2 [g.9[ 33,20 281.3 0.89 27[.7 -28.8 30.63 29.57 224.8 15.66
202.5 70.[ 20.05 30.20 28|.3 _.89 27[.R -?8.8 30.78 ?9.67 ??&.8 1=.65
202.4 79.0 20.]5 33 .20 281.4 0.89 771.9 -28.8 80.9[ 29.57 22_.9 15.64
202._ 59.9 23.2_ 39.20 28].5 0.88 271.q -?8.8 31.01 29._7 ??5.0 15.63
202.] 69.8 29.3[ 30.?0 281.5 0.88 277.0 -28.8 31.09 ?9.57 72_.I 15.62
202.0 59.7 23.35 30.2_ 781.6 0.88 777.1 -?8.8 3|.15 ?9.57 725.1 15.61
20[.8 59.6 20.36 33.20 28[.A 0.88 272.t -28.8 %1.18 2q.67 ??=.2 ]5.61
47900.0 1990 JAN 8.5 19.38 275.?
47910.0 1990 JAN [8.6 [9.38 275.3
47920.0 1990 JAN 28.= 19.38 ?75.4
47930.0 1990 FEB 7.5 19._8 275.6











-0.29 201.Z 59.[ 23.33 33.]q 281.9 0.87 ?72.5 -28.8 30.89 29.57 225. _;
1990 FEB 27.5 19.39 275.8 -0.29 701.1 69.0 10.87 33.19 282.0 0.87 272.5 -28.8 30.76 29.57 225.6
1990 _A_ 9.5 19.39 275.9 -0.29 201.3 5_._ 19.71 33.19 282.1 0.87 ?72.6 -28.8 _0.61 29.57 ?25.7
1990 MAR 19,5 19.39 ?76.0 -0.29 200.8 68.7 [9.55 30.Iq 282.] 0.87 27?.7 -28.8 30.45 29.57 225.8
1990 MAR 29.8 19.39 276,1 -0.29 200.7 58.A 19.%8 30.19 282.2 0.86 272.7 -28.8 30.28 29.57 72_.8
[990 A_R 8.5 19.40 276.2 -0.30 200._ 58.5 19.72 3_.19 28?.? 0.86 ?72.8 -?8.8 30.][ 29._7 225.9
[990 APR 18.5 19.40 276.4 -0.30 200.5 58.% 19.05 33.19 282.3 0.86 ?7?.9 -28.8 29.94 29.57 226.0
1990 A)_ 28.5 lq.AO 276.5 -0.30 200.% 5{._ [5._3 3[.[9 ?82.4 0.86 772.q -28.8 29.78 ?9.57 ?26.0
1990 MAY 8.5 [9,40 276.6 -0.30 ?00.3 58.2 18.76 33.19 282. a 0.96 273.0 -28.9 29.63 ?9.57 276. I
1990 MAY 18.5 19.40 276.7 -0.30 200.1 58.[ 18.64 30.[9 282.5 0.86 273.| -28.8 29.49 ?9.57 2?6.2
1990 MAY 28.5 [9.40 276.8 -0.30 200,0 68.0 18.54 %3.19 282.5 0.86 273.} -28.8 29.38 ?9.57 226.3
49050.0 [990 JUN 7.5 19.4] 276.9 -0.30 199.9 57,9 18.&6 33.19 28?.6 0.85 273.2 -?8.8 29.29 29.57 226.3
48060.0 [900 JUN 17.5 19.41 277.0 -0.31 190.8 57._ t_.'*1 3_.]9 282.7 0.85 ?73.3 -28.8 29.22 29.57 ??6.4
48070.0 L990 JUN 27.5 19.41 277.2 -0.31 L99.7 67.7 18.39 30.19 282.7 0.85 273.3 -28.8 29.[8 29.57 226.5
&8080.0 lqo JU[ 7.5 19.4[ ?77.3 -0.31 199.6 57.5 18.40 %0.19 ?82.8 0.85 273.& -28.8 29.17 29.57 226.5

































-O, Z3 207.0 11.3 23.35 33.73 279.7 0.93 269.q -28.8 %1.03 ?9.57 222.9 16.88
-0.23 206.8 72._ [9.94 30.20 279.7 0.93 ?70.0 -28°8 30°92 29.57 22?.9 15.87 177.8 0.0 29.4?
-0.?4 206.6 7_.5 ]9.8[ 30.20 279.8 0.93 ?70.0 -28.8 30.80 29.57 2?3.0 1_.86 [77.9 0.0 29.?6
-0.24 206.% 72.7 19.65 30.20 279.9 0.93 270.1 -28.8 30.66 29.57 223.1 15,86 17810 0.0 29.[0
-0.24 206.2 72.6 [9°49 30.20 279.9 0.92 270.2 -?8.8 30.50 29.57 723.1 [5.85 178.1 0.0 28.96
-0.24 206.] 7_.5 ]9.33 8_.20 280.0 0.92 270.? -28.8 30.33 29.57 223.2 1=.84 178.1 0.0 28.84
-0.24 205.9 72.4 [9.16 30.20 280.0 0.92 270.% -28.8 80.]6 ?9.57 2?3.3 _5.83 178.2 0.0 28.76
--0.24 205.7 72.3 18.99 33.20 780.1 0.92 270.4 -78.8 29.99 29.57 22_.4 ]5.82 178.3 0.0 28.87
-0.24 205.5 72.2 18.84 30.20 280.2 0.92 270.4 -28.8 29.83 ?9.57 2?3.4 |6.82 178.3 0.0 28.62
-0.25 205.4 72.[ 18.70 30.20 280.2 0.92 270.5 -28.8 29.67 29.67 72_.5 15.81 [78.4 0.0 28.60
-0.25 205.? 7_.3 18.57 30.20 ?80.3 0.92 270.6 -28.8 29.53 29.57 223.6 15.80 178._ 0.0 28.81
30*20 280.3 0.91 270.6 -28.8 29*4[ 29._7 223.6 15.79 178.5 0.0 28.65
30.20 280.4 0.9[ 270.7 -28.8 20.32 29.57 ?23.7 178.6 0.0 28.7l





















-0.28 20[.7 59.5 20.3_ 33.19 28[.7 0.88 272.2 -28.8 31.17 29.57 ?25.3 15.60 [80.[ 0.0 30.02
-0.28 201.5 59.% 73.?9 33.19 781.8 0.88 ?72.3 -28.8 3[.t_ 29.67 22_.3 1_.59 180.2 0.0 29.87
-0.29 ?01.5 69.3 20.2? 30.]9 28[.8 0.87 ?72.3 -28.8 3[.08 29.67 ?25.4 1_.58 180.2 0.0 29.71
-0.29 201.3 59.2 20,[2 33.19 261.9 0.87 27?.4 -28.8 3L.00 29.57 225.5 [5.57 ]80.3 0.0 29.54
I_.56 [80.4 0.0 29*38
[5.55 180.5 0.0 2o.?2
L_._4 ]80.5 0.0 29.07
15.54 ]80.6 0,0 28.93
t_.53 [80.7 0,0 28.8?
15.52 180.? 0.0 28.7?
15,5[ 180.8 0.0 28.85
]5.50 180.9 0.3 28.61
[5.49 180oq 0.0 28.60
15.48 181.0 0.0 ?8.6[
[5.47 18[.1 0.0 ?8.66
]5.46 181.1 0.0 28.73
t_.46 181.2 0.9 28.8?
[_,45 [8[*3 0.0 28*93
]5.44 [8[.3 0.0 29.07
15.&% ]81.4 0.0 29.2]
1990 JUL 27.5 19.41 277.5 -0.3[ 199.4 57.% [8.5[ 33.19 282.9 0,85 278.6 -28.8 29.?4 29.57 ?26.7 15.47 [8[.5 0.0 29.37
I990 AUG A.5 ]q.42 277.6 -0.%1 I99.3 57.2 18.60 33.[9 ?82*9 0.84 27%.6 -28.8 29,32 29.57 226*7 15.41 18].5 0.0 29._3
]990 AUO 16.5 [9.42 277.7 -0.31 [99*2 67.[ ]8,72 30.Iq ?83,0 0.84 273.7 -28.8 29.42 29._7 226.8 15.40 18[.6 0.0 ?q*69
]990 AUG 26.5 19.42 277.8 -0.32 I99.1 67.0 [8.85 30.[9 283.[ 0.84 273.7 -28.7 29.5& 29,57 2?6.9 [5.39 181.7 0.0 ?q.85
















































































































































































































































































































































































































































































































































































































































DATE R LOi'_J LAT
PLAN_ ARY EPHEMERIS
HELI OCENTR|C ECL| _ 1C COORDINATES
NEPTUNE
RAS OECS COIST R LONG LAT RAS DFCS COIST
55.R 19.17 30.19 283.2 0.84 273.9 -28.7
66.7 19.34 39.19 283.2 0.84 273.9 -28.7
66.6 19.51 30.]9 283.3 0.83 274.0 -28.7
68.5 ]9.68 30.19 283.4 0,83 274.1 -28.7
30.19 283.4 0.83 274.1 -28.7
33 .19 283.5 0.83 274.2 -28.7
33.19 283.5 0.83 274.3 -28.7
30.[9 283.6 0.83 274,6 -28.7
30.19 283.7 0.82 274.4 -28.7
30+19 283.7 0.82 274.5 -28.7
30.[9 283.8 0.82 274.6 -28.7









65.8 20.40 30.[9 283.9 0.82 274.7 -28.7
65.4 20.36 30.19 284,0 0.82 274.8 -28.7
$5.3 23.28 30,[9 284.0 0.81 274.8 -28.7
68.2 20.[8 30.1q 284.[ 0.81 274.9 -28.7
68.1 23.35 33.19 284.1 0.8[ 275.0 -28.7
65,0 1q.92 30.[9 284.2 0.8[ 275.0 -28.7
64.9 19.77 33.18 284.3 0.81 275.1 -28.7
54.8 [9.61 33.18 284.3 0.81 275.2 -28.7
48]50.0 1990 SEP 15.5 19.42 278.1 -0.32 198,9
48160.0 1990 SFP 25.5 19.43 278.2 -0.32 198.8
48170.0 [990 OCT 5.5 19.43 278.3 -0.32 198, T
48180.0 1990 3CT 18.5 [q. 43 278.4 -_ 32 198.6
48190.0 1990 3CT 25.5 19.43 278.5 -0.32 198.5
48200.0 1990 NOV 4.5 [9.43 2T8.6 -0.32 198.4
48210.0 lqqO NSV 14.5 19.43 278.8 -0.33 198.3
48220.0 1990 NOV 24.5 19.44 278.9 -0.33 198.2
48230.0 1990 DEE 4.5 1q, 44 27% 0 -0.33 [98.1
48240.0 [990 DEC 14.5 19.44 _79.1 -0.33 198.0
48250.0 1990 DEC 24.8 19,44 279.2 -_33 197.9
48260,0 1991 JAN 3.5 [9.44 279.3 -0.33 197.8
48270.0 1991 JAN 13.5 19.64 279.4 -0.33 197.7
48280.0 199[ JAN 23.5 [9.45 279.6 -0.34 [97,6
48290.0 1991 FEB 2.5 19.45 279. 7 -0.34 1 97.5
48300.0 1991 FEB 12.5 19.45 279.8 -0.34 197.4
483[0.0 1991 FEB 22.5 19.45 279.9 -0,34 197.4
48320.0 1991 MAR 4.5 19,45 280.0 -0.34 197.3
48330.0 1991 MAR 14.8 19.46 280, I -0.34 197.2
483u0.0 1991MA_ 24.5 ]9.46 280.2 -0.34 197.1
30.18 284.4 0.80 275.2 -28.7
33.18 284.4 0.80 275.3 -28.7
39,[8 284.5 0.80 275.4 -28.7
30.18 284.5 0.80 275.4 -28.7
54.2 19.82 33.18 284.6 0.80 275.5 -28.7
5&.l 18.70 30.18 284.7 0.80 275.6 -28.7
6%.0 19.68 33.18 284.7 0.79 275.6 -28.7
53.9 18.52 33.18 284.8 0.79 278.7 -28.7
63.8 18.48 30.18 284.8 0.79 275.8 -28.7
63.7 16.46 3).18 284.9 0.79 275.8 -28.7
63.6 18.47 33.18 285.0 0.79 275.9 -28.7
53.5 18,51 33.18 285.0 0.79 276.0 -28.7
63.4 18.58 33.18 285.1 0.78 276.0 -28,7
30.[8 285.1 0.78 276.1 -28.7
33.18 285.2 0.78 276.2 -28.7
30 .18 285.3 0.78 276.2 -28.7
33.18 285.3 0.78 276.3 -28.7
30.18 285.4 0.78 276.4 -28.7
48350.0 1991 APR 3.5 19.46 280.4 -0.38 197.0 64.7 19.44
48350.0 lqql APR 13.5 19.46 280.5 -0.35 196.9 54.5 19.27
483T0.0 L991 APR 23.5 [9.46 280.6 -0.38 196.8 64.5 19.11
48380,0 1991 MAY 3.5 19.46 280,7 --0.35 196.8 64.3 18.96
48390.0 199[ _AY 13.5 19,47 280.8 --0.35 196.7
48&00.0 1991 MAY 23.5 [9,4? 280.9 -0.35 196.6
48410.0 199[ JUN 2.5 19.47 281.0 -0.38 [96.5
48420.0 iggl JUN 12.5 19.47 281.2 -0.36 196,4
48_30.0 1991 JUN 22.5 |9.47 281.3 -0.36 196.3
&8440.0 1991JUL 2.5 19,47 281.4 --0.36 [96.3
48450,0 1991 J UL 12.5 19.48 28[.8 -0.36 196.2
&8460.0 1991 J UL 22.5 19.48 281.6 -0. 36 [96.[
48470.0 [99[ AUG [._ 19.48 281.7 -0.36 196.0
48480.0 [991 AUG |1.R 19.48 28[,8 --0.36 196.0 63.3 18.67
48490.0 1991 AUG 21.5 19.&8 28[.9 -0.36 195.9 63.2 18.79
48500.0 1991 SFP 0.5 19.48 282.1 -0.37 195.8 63.0 18.92
485[0.0 1991 5_P 10.5 19.49 282.2 -0.37 195.7 6_.9 l_.38







































48530.0 1991 3CT 0.5 19.49 282.4 -0.37 195.6 57.7 19.61 30.18 285.6 0.77 276.4 -28.6 30.04
48540.0 1991 3CT 10.5 19._9 282.5 -0.37 195.5 $_.6 19.58 33.18 285.5 0.77 276,5 -28.6 30.21
48550.0 1991 3CT 20.5 19.40 282.6 -0.37 195.% 52.5 19.75 30.18 285.6 0.77 276.6 -28.6 30.38
48560.0 1991 3CT 30.5 19.49 282.7 -0.37 195.% 5_.% 1_.9[ 33.[8 285.6 0.77 276.6 -28.6 30.56
48570.0 [991 NOV 9.5 19.50 28?.9 -0.38 195.3 62.3 20.06 33.18 285.7 0.77 276.7 -28.6 30.59
48580.0 1991 N8V 19.5 19.50 283.0 -0.38 195.2 62.2 20.19 39.18 285.7 0.7T 276.8 -28.6 30.83
48S90.0 1991 _3V 29.5 19.50 283.1 -0.38 195.1 52.1 29.33 31.18 28_.R 0.77 276.9 -28,F 30.9_
48600.0 1991 DEC 9.5 [9.50 ?83.2 -0.38 195.1 52.0 20,39 30.18 285.9 0.76 276.9 -28.6
48610,0 199[ OEC 19.5 19.50 283.3 -0.38 195.0 51.9 2].&5 33.18 285.9 0,76 277.0 -28.6
48620.0 [991 DFC 29._ [9,51 283.4 -0.38 194.9 51.7 20.&8 30.[8 286.0 0.76 277.1 -28.6
48630,0 1992 JAN 8.5 [9.51 283.5 -0.38 194.9 51,5 20.49 30.[8 286.0 0.76 277,[ -28.6
496&0.0 1992 JAN 18._ 19.5[ 283.7 -0.38 194.8 51.5 20.47
486_0.0 1992 JAN 28.5 19.51 283.8 -0.39 194.7 51.% 23.62
48_50.0 1992 FEB 7+5 19,51 283.9 -0.39 19_.7 51.3 25.34
48670.0 1992 FEB 17. K 19.51 284.0 -0.39 104.6 51.2 20.24
48680.0 1992 FEB 27.5 19.52 284.1 -0.39 194.5 51.[ 23.12
48690.0 1992 _AR 8.5 19.52 284.2 -0.39 194.5 61.0 [9.98
48700.0 1992 MAR 18.5 19.52 284.3 -_ 39 194.% 50.9 19.83
48710.0 1992 _AR 28.5 19.52 284.4 -0._9 194.3 50._ [9.55
_8720.0 1992 APR 7.5 19.52 284.6 -0,40 194.3 50.7 [9.50
48730.0 [992 APR 17.5 19.52 284,7 -0,40 194o2 53.& 1_.33
48740,0 1992 APR 27.5 19.5_ 284.8 -0.40 19&.1 58.& 19.17
48750.0 1992 MAY 7.K 19,53 284.9 -0+40 19&.1 50+3 [%.01
48760.0 [992 WAY 17.5 19.53 285.0 -0.40 i94.0 50._ [3.98
48770.0 |992 MAY 27.5 [9.53 285.1 -0.40 [93.9 50.1 [8.76
48780.0 [992 JON 6.5 19.53 285.2 -0.40 193.9 60.0 18.66
&8790.0 1992 JUN [6.5 19.53 285.3 -0.40 193.8 59.9 18.58
39.18 286.1 0.76 277.2 -28.6
33.18 286.2 0.76 277.3 -28.6
39 .18 286.2 0.75 277.3 -28.6
30.18 286.3 0.75 2T7.4 -28.6
30.18 286.3 0.75 277.5 -28.6
30.18 286.4 0.75 277.6 -28.6
33.18 286.4 0.75 277.6 -28.6
33 *18 _6.5 0.75 277.7 -78.6
30.18 286.6 0.74 277,7 -28._
33.18 286.6 0.74 277.8 -28.6
30.18 286.7 0*74 277.9 -28.6
33.18 286.7 0.74 277.9 -28.6
3_.17 286.8 0.74 278.0 -28.6
33.17 286.9 0.74 278.1 -28.&
33.|7 286.9 0.73 278.1 -78.6
30.17 287.0 0.73 278.2 -28.6
48800.0 1992 J UN 26.5
68810.0 1992 JUt 6.5
48820.0 1992 JUt 16.5
48830.0 [992 J UL 26.5
48840.0 1992 AUG 5.5
48880.0 1992 AUG 15.5
48860.0 1992 AUG 25.5
48870,0 1992 SEP 4.5
48880.0 1992 SE8 14.5
48890*0 [992 SE8 24.8
48900.0 [992 OCT 4._
&89[0.0 1992 3CT 14._
489?0.0 1992 _CT 24.5
19.54 285.5 -0.4l 193.8 59.8 18.54 33.17 287.0 0.73 278.3 -28.5
19.54 285.6 -0.4[ 193.7 3g.T 1_.52 33.[7 287.1 0.73 278.3 -28.5
[9.54 285. T -0.41 193.6 89.5 [8.53 30.17 287.2 0.73 278.4 -28.5
19.54 285.8 -0.41 193,6 59.5 [8.57 30.17 287.2 0.73 278.5 -28,5
]9.54 28_.9 -0.4[ 193.5 69._ 18,54 39.17 287.3 0.72 278.5 -28.£
19.54 286.0 -0.4[ 193.5 59.3 18.74 30.17 287.3 0.72 278.6 -28.5
19._5 286.l -0.41 193.4 _9.1 1_._6 33.l? 287.4 0.72 278.7 -28.5
lg. 55 286.3 -0.41 19_.3 59.0 1_.99 33.tT 287.5 0.72 278.7 -28.5
[9.55 286.4 -O.&2 193.3 58.9 [9.[5 30.17 287.5 0.72 278.8 -?8.5
19.55 286._ -0.42 193.? 58.3 19.3[ 33.17 287.6 0.71 278.9 -28._
19.55 286.6 -0.42 I93.2 58.? [9.48 30.17 287.6 0.71 278.9 -28.5
[9.55 286.7-0.42 193.[ 58.5 19.5_ 3].17 287.7 0.71 279.0 -28.5


































48930.0 I992 N3V 3.5 lg. 56 286.9 -0.42 193.0 58.4 19.98 30,17 287.8 0.71 279.1 -28. _ 30.57
48940,0 1992 N8V 13.5 Ig. 56 287.0 -0.42 192.9 58.3 23.13 38,[7 287.q 0.71 279.2 -28.5 30.72
48950.0 1992 N8V 23.5 Iq,86 287.2 -0.43 [92.9 58.2 23.26 33.[7 287.9 0.70 279.3 -28.5 30.85
48960.0 [992 DEC 3.5 19,56 287.3 -0,43 192.R 38.1 23.37 33.17 28R.0 0.70 279._ -28.5 30.96
48970.0 [gg2 OEC 13.5 19.86 287.4 -0.43 |92.8 57.9 20.45 39.17 288.0 0.70 ?79.4 -28._ 31.05
48980.0 [992 OEE 23,5 19.5T 287.5 -0.43 192.7 57.3 23.5[ 30.17 288.1 0.70 279.5 -28.5 31.11
























































































227.0 15.37 181.8 0.0 30.14
227.1 15.36 181.9 0.0 30.26
227.2 15.35 182.0 0.0 30.36
22T,2 15,38 lB2.0 0.0 30.44
227.3 15.34 182ol 0,0 30.50
227.4 15.33 182,2 0,0 30.53
22T.5 15.32 [82.2 0.0 30.53
227.5 15.31 182.3 0.0 30.50
22?.6 15.30 182.4 0o0 30o4_
227.7 L5.29 182.4 0.0 30.37
227.7 [5_28 182,_ 0.0 30.26
227.8 15.27 182.6 0.0 30.14
227.9 15.28 182.6 0.0 30.00
227.9 ]5.25 [82.7 0.0 29.R4
228.0 15,24 182,8 0.0 29.68
228.[ 15,23 182.9 0.0 29.51
228.2 15,22 182.9 0.0 29.35
228.2 15.2t 183.0 0.0 29.19
228.3 15.20 183.[ 0.0 29.04
228.4 15.19 183.1 0.0 28.91
228.4 I5.18 183.2 0.0 28.80
228,5 L_.[7 183.3 0.0 28.71
228.6 15.17 [83.3 0.0 28.65
228.6 15.|6 183.4 0.0 28.61
228. T [5.18 183.5 0.0 28.61
228.8 [5.]A [83.5 0.0 28.63
228.q 15.13 [83.6 0.0 28.68
228.q 15.12 183.7 0.0 28.75
229.0 I_.11 183.7 0.0 28.85
229.1 15.[0 I83.8 0.0 28.97
229.1 15.09 183.9 0.0 2q.ll
229.2 15.08 183,9 0.0 2q.25
229.3 [5.07 184.0 0.0 29.41
229.3 1_.06 [84.1 0.0 ?9.58
229.4 [5.05 18_.2 0.0 29.74
229.5 [5.04 184.2 0.0 29.90
229.6 15.03 [84.3 8,0 30.05
229.6 18.02 184.4 0.0 30.18
229.7 [5.01 184.4 0.0 30.30
229.8 15.00 184.5 0.0 _0.60
229,8 [_.99 184+6 0.0 30.47
229.9 14,98 184.5 9.3 30.52
230,0 14.97 184,7 0.0 30.85
230,0 14.96 184,8 0.0 30.54
230.1 [a, 95 IF_.8 0.3 33.R[
[4.94 I@&.9 0.0 30.45
I&.93 185.0 0.0 30.36
14.92 I85.0 0.0 30.26
14.9[ 188.I 0.0 _0.13
[4.90 18_.2 0o0 29og8
I4.88 185.2 0.0 29.83
[_.87 185.3 0.0 29.55
14.86 185.4 0.0 29.50
14.8_ 185.5 0.0 29.33
14.84 185.5 0.0 29.18
|4,83 185.6 0.0 29.03
[4.82 185.7 0.0 28.91
14.81 18_.7 0.0 28.80
14.80 185.8 0.0 ?8.72
14.79 185.9 0.0 28.66
14.78 185.9 0.0 28.63
14.77 [86*0 0.3 28.53
14;76 [86.1 0.0 28.66
[4.75 [86.1 0.0 ?8.7[
I&.74 186.2 0.0 28.79
14.73 186.3 0.0 28.90
[4.72 185.3 0.0 2[}.,')2
14.71 186.4 0.0 29.[6
14.70 [86.5 0.0 ?9.3l
14.69 [86.5 0.0 29.47
[4.67 [86.6 0.0 29.64
14.66 186.7 0.0 29.80
[4.68 [86.8 0.0 29.95
14.64 186.8 0.0 30.[0
14.63 [86.9 0.0 30.23
14.62 [87.0 0.0 30.35
14.61 [8?.0 0.0 30.%4
l&.60 187.1 0.0 30.51
14.59 187.2 0.0 30.56
14.88 187.2 0.0 30.57
[4.57 197.3 0.0 30.56
14,56 187.4 0.0 30.53
14.54 187.4 0.0 30.46
14._3 187.5 0.0 30.37
14.52 187.6 0.0 30.26
35
PLANET ARY EPHEMER IS
HE LIOCENT RIC EEL I PT IC COORDIW ATES
EARTH JJPITER SATURN
DATE _ LON3 tAT RAS DECS R LONG LAT RAS DECS CDIST _ LONG LAT RAS DECS CDIST
49000.0 1993 JAN 12,5 0.98 111.9 0.0 293.8 -21.7 5.49 183.4 1.30 226.9 -2.2 5.22 0.88 319.5 -I.10 148.2 14.8 [0.76
49010.0 1993 J&N 22.5 0.98 122,0 0.0 304.3 -19.7 5.65 184.1 1.30 227.7 -2.3 6.07 g.88 319,8 -l.ll 148°5 I4°8 10.82
49020.0 1993 FEB 1.5 O.gg l]2.2 0°0 314.7 -17.1 5.65 184.9 1.30 228.5 -2.3 4.92 9.88 320.1 -1.12 14R. 8 14,8 10.8 n
40030.0 1993 FEB 11.5 0.99 142.3 0.0 324.7 -14.1 5.45 185.6 1.30 229°2 -2.3 4.78 9.88 320.5 -1.14 149.1 14.4 10.86
49040.0 1993 FEB 21.5 0.99 152.4 0.0 334.4 -10.5 5.45 196.4 1.30 230.0 -2.3 4.67 9.87 320.£ -1.15 149,4 14.] 10.84
49050.0 1993 _A_ 3.5 0.99 162.5 0.0 343°9 -8.9 5.45 187.1 1.30 230.7 -2.4 4.57 9.87 321.1 -1.16 149.7 16.2 IO.RO
49060.0 1993 MAR 13.5 0.99 172.5 0.0 353.1 -3.0 5.65 137.9 1.30 231.5 -2.4 6.S0 9.87 321.4 -1.17 150.0 14.0 10.73
49070.0 1993 MAR 23.5 I°00 182.6 0.0 2.2 1.0 5°65 188.6 1.30 232.2 -2.4 4.46 9.87 321.7 -1.18 150.3 13.9 10.64
49080.0 1993 APR 2.5 1.00 192.3 0°0 11.3 4.9 5.45 189,4 I,]1 233°0 -2.4 4.46 9.86 322.0 -1.20 160.6 13.8 10.53
49090.0 1993 APR 12.5 1.00 202.1 0.0 20.5 8.6 5.65 190.2 [.91 233.7 -2.5 4.48 9°86 322.3 -1.21 150.9 13.7 10.40
49100.0 1993 AP_ 22.5 1.01 211.9 0.0 29.8 12.I 5o45 190.9 1.31 2]4.5 -2.5 4.93 9.86 322.6 -1.22 IFL.2 _3.S L0.26
49110.0 1993 M_Y 2.6 1.01 221.6 0.0 39°2 15.3 5.45 191.7 1.30 235,3 -2.6 4.61 9.86 322.9-1.23 181.5 13.4 10.10
49120.0 1993 MAY 12.5 1.01 231.3 0.0 48.9 [8.1 5.6_ 192,4 1.30 236.0 -2,5 4.71 9.85 3?3.3 -1.84 151.£ 13.3 9°94
49130.0 1993 uAy 22.q 1.01 240.9 0.0 59.8 23.4 5.65 193.2 1.30 236.8 -2.6 4.93 9.85 323.8 -1.26 152.1 13.2 9.77
49140.0 1993 ,JUN 1.£ 1.01 250._ fl, O 69.0 22.0 5.45 193.9 1.30 237.5 -2.6 4.97 9.85 323.9-l.27 152.4 13.1 9.61
49150.0 1993 JU_ 11.5 1.02 260.1 0.0 79.3 23.1 5.45 194.7 1°30 238.3 -2.6 5.12 9.85 324.2 -1.28 152.8 12.9 9.4 _
491_0o0 I993 JUN 21.£ 1.02 26q. 7 0.0 89.5 23.4 5.49 195.4 1.30 239.0 -2o6 5,27 9.84 324.5 -l.29 15_.9 12._ 9.33
49170.0 1993 JUt 1.5 i. O2 279.2 0.0 [00.0 23.1 5.45 196.2 1.30 239.8 -2.7 5.43 9°84 324.8 -l.30 1_3.2 12.7 9.16
49180.0 1993 JUL 11._ 1.02 288.7 0.0 110.9 2P.I 5.45 197.0 1.30 240._ -2.7 5.58 9.84 326.1 -1.31 193._ 12.6 9.04
49190.0 1993 JUL 21.S 1.02 298.3 0.0 120.4 20.5 5.45 197.7 1.29 241.3 -2.7 6.73
9.84 125.5-1.3] I_3.8 12.4 8.9_
49200.0 1993 AUG 0.5 1.02 307.8 0.0 130.3 18.3 5.45 198.5 1.29 242.] -2.7 _.87 9.83 32_.8 -1.34 156. l 12.3 8.87
49210.0 1993 AUG 10.5 1.01 317.4 0.0 139.9 15.8 5.45 199.2 1.29 242.8 -2.7 6.00 9.88 326.1 -1.35 194.4 18.2 8.83
69220.0 1993 AOG 20.5 1.01 327.0 0.0 149.2 12.5 5.45 200.0 1.29 243.6 -2.7 6.12 9.83 326.4 -l.36 15&.7 12.1 8.87
49290.0 1993 AUG 30.5 1.01 336.7 0.0 158.4 9.1 5.45 230.7 [.28 244.3 -2.£ 6.72 9.93 326,7 -1.37 155.0 11.9 8.83
49240.0 1993 SEP 9.6 1o01 ]46.3 0.0 167.5 8._ 5.45 231.5 1.29 249.1 -2.R 6.30 9.92 327.0-1.39 tgS. 3 11.8 8.88
49250.0 1993 8EP 19.5 l. O0 356.1 0.0 176.4 1._
49260.0 [993 SF p 29,5 1.00 5.9 0.0 ]£5.4 -2.3
49270.0 1993 ")CT 9.5 1.00 15.7 0,0 194.5 -_.2
49280,0 1993 3CT 19.5 1.00 25.6 0,0 203.8 -9.9
49290,0 1995 OCT 29.5 0.99 35,6 0.0 213.] -13,6
49300,0 1993 NOV 8,5 0.99 45.6 0.0 223.2 -16.5
49310°0 1993 _/AV 18._ 0,99 55.7 0.0 233. i --19.2
49_20.0 199_ NOV 28*5 O. qq 65.£ 0.0 243.9 -21.3
49330.0 1993 QEC 8.5 0,99 79.9 0.0 254.8 -?2.7
69340.0 1993 DEC i8.5 0.98 86.1 0.0 265.8 -)3.4
49360.0 1993 OEC 28._ 0.99 96.3 0.0 274.9 -23.3
5.45 202.2 1.28 265.£ -2.8 6.37 9.£2 327.3-1.39 195.6 11.7 8.95
5.45 233.0 1.27 266.6 -2.0 A.AI 9.82 _27.7 -1.4l 156.9 11._ 9.0_
5.45 203.8 1.77 267.3 -2.8 6.&4 9.82 328.0-1.42 t58.2 11.4 q.]£
5.65 204.5 1.26 248.1 -2.R 6.4_ q. Rl 32£.3 -l.a3 156._ 11.3 9.32
5.45 235.3 1.26 248.9 -2,9 6.43 g.81 328.6 -1.44 156.£ 1[.2 9.47
5.45 20&.0 1.26 249.6 -2.9 6.39 9.91 328.9-1.45 157.l 11.0 9.63
6.4£ 206.£ 1.2_ 250.4 -2.9 6.33 9.81 929.2 -l.4A 167.4 10.9 9.93
_.45 207.5 1.24 251.1 -?.9 6°25 9.80 329.6 -1.47 197.6 10.8 9.9_
5,45 208,3 1.24 26lo9 -2.9 6.16 9.90 329.9 -l.49 167.9 10.6 tO.IT
5.4_ 239,I 1.23 252.7 -2.9 A.O& 9.80 330.2 -1.49 [_8.2 10.5 10.27
5.46 209.8 1.23 253._ -2.9 5.9l 9.90 330.6 -1.51 15_.5 10.4 10.40
69360.0 199/* JA_ 7._ 0.9£ 106.5 0.0 287.0 -22.g 5.44 213.6 1.22 254.2 -3.0 5.76 9.79 330.8 -1.52 168. B IO.P [0.52
49370.0 1994 JAN 17.5
0.9£ 116.7 0.0 ?08.7 -20.8 5.44 211.3 1.22 254.9 -3.0 q.61 9.79 331.1 -1.53 159.1 10.1 10.62
49380.0 1994 JA_f 27.5 0.99 126.9 0.0 _09.3 -18.8 5.44 212.1 1.2l 255,7 -3.0 _.4_ 9,79 331.5 1.64 159.4 10.0 10.99
49390.0 1994 FE8 6.8 0.99 137.0 0.0 _19.5 -15.7 S.44 212.9 1.20 25&.4 -3.0 £.2q 9.79 731.8 l,q5 lgq. 7 9.8 lO.T&
49400.0 199& gE8 16.8 0.99 147.1 0.0 329.3 -12.5 5.44 213.6 1.20 257.2 -3.0 5.12 q.78 332.1 -1.56 160.0 9.7 10.77
49410.0 ]994 FEB 26.5 0.99 157.2 0.0 338.9 -_._ 5.4_ 214.4 1.19 25£.0 -3.0 4.97 9,78 _]2.4 -I.57 |60._ 9.5 13.77
49420.0 1994 MAR 8.5 0.99 167.2 0.0 348.3 -5.0 5.44 21_.I [.[8 258.7 -3.¢3 4.83 qo79 332.7 -1.59 160.6 9.4 ]0.74
49430.0 1994 _AR 18.5 1,00 177.2 0.0 357.4 -l.l 5.43 215.9 1.17 250,5 -3.0 z*.70 9.77 333.0 -l.50 160.9 9.3 10.60
49440.0 1994 HAR 29.5 1.00 187.1 0.0 6.5 2.8 5.63 216.7 1.17 2£0.3 -3.0 4.59 q,77 333.4 -I.60 161._ 9.2 10.62
49450.0 1994 APR 7.5 1.00 197.0 0.0 15.7 5.7 5.43 2]7.4 1.16 261.0 -3.0 4.51 9.77 333.? -1.6l 161.S q.0 I0.52
49460.0 1994 AP_ 17.5 1.00 206.8 0.0 2_.9 13.3 5.43 218.2 ].15 261.8 -].0 z_.4_ 9.77 354,0 -1.6_ 1_1.7 8._ 11.43
49470.0 199 z_ AP:_ 27.5 t. Ol 216.5 0.0 34.2 13.7 5.43 218.o 1.14 262.5 -3.0 4.42 9,76 334.9 -1.63 162.0 8.8 10.77
494_0.0 1994 _AY 7.5 l.O1 226.2 0.0 43.8 15.7 5.43 219.7 1.13 263.3 -3.0 4.43 9.76 334._ -1.64 l_2.5 8.£ 10.13
49490.0 1994 MAY 17.5 1,01 235.9 0.0 53.6 [9._ 5.43 220.5 1.13 264.1 -3,1 4.44 9.7_ 335.0 -i.66 i67.6 8.5 9.07
49500.0 1994 _AY 27,5 l. Ol 24_,5 0.0 63.8 21.2 5.42 721.2 1.12 264.8 -3.1 4.52 g.76 33_.3 -l._7 162.9 £.4 9.RD
49510.0 1994 JUN 6. _ 1.01 255.1 0.0 73.8 27._ 5,42 222.9 1.11 265.6 -3.1 4.A1 9.7_ 335.6 -1.48 163.2 8.2 _.5_
49520.0 [ggA JUN 16,5 1,02 264.6 0.0 84.2 23._ 6.42 222.8 t.lO 266.4 -3.1 4.71 9.75 33_.9 -1.69 163.5 £.1 9.47
49530.0 1994 ,}UN 26,5 1.02 274,2 0.0 94.6 23.4 5.42 223.5 1.09 267.1 -3.] 4./{4 9.75 33_.2 -1.70 ]63.8 7. q 9.31
49540,0 1994 JUL 6._ 1.07 ?£].7 0.0 104,q 2#.7 5.42 224._ 1.08 267.9 -3,] 4.99 q.74 3_6.6 =1.7] IA4,1 7.£ 9.17
49_£0.0 1994 JUL 16.5 1.02 299.2 0.0 115.1 21.4
49660.0 1994 JtlL 26.5 1.02 _02. 8 0.0 ]2S.1 19._
49570.0 1994 AUG 5.£ 1.01 312.4 0.0 134.3 17.l
49580.0 1994 &UG ]5,_ 1.01 32?.0 0o0 144,_ 1_.2
49590.0 1994 AUG 25,g 1.01 331.£ 0°0 153, A 10.q
49_00.0 1994 SEP 4. _ 1.O1 341.2 0.0 162.7 7.3
49610.0 1994 SFP ]4.5 1.01 351.0 0,0 171,7 3.5
49620,0 1994 8EP 24.5 1.00 0.7 0,0 190,7 -0._
49630.0 1994 OCT 4._ l. O0 10.6 0.0 i£9.7 -4.?
49640.0 I994 3CT 14._ 1.00 20.4 0.0 198.9 -£.0
5.41 22_.1 1.07 26£.7 -3.1 5.12 9.74 336,9-1.72 16&.4 7.7 9.03
5.41 225.£ 1.06 269.4 -3.1 5.29 9.74 337.2 -1.73 16&.7 7.5 8.92
5.41 226,£ 1.06 270.2 -3.1 5.43 9.74 337._ -1.74 165.0 7.4 8.83
5.41 227.4 1.04 271.0 -3.1 5.98 9.73 337. q -1.79 165.2 7.3 8.76
5.41 228.1 1.03 271.7 -3.1 _.7_ 9.73 33_.? -1.76 165.5 7. l £.7 _
5.40 228.9 1.02 272.5 -_.] 5.86 9.73 338.6 -t.77 1(_.8 7.0 8.72
5.40 229.7 t.01 273.3 -3.1 5.99 9.72 33£.8 -l.79 166.1 6.8 8.76
g.43 230.4 o.qo 274.] -3.] 6.10 9.72 339.1 -l.7q 16/-.4 _.7 8.8£
5.43 291.2 0.98 774. R -3.1 6.19 9.72 339.4 -1.90 166.7 6.6 8.££
5.43 232.0 0.(_7 276.4 -5.1 6.27 9.72 ]39.q 1.81 I_7.0 6.4 £.98
49650.0 I994 3CT 24.5 c.9g 30.4 0.0 208.3 -11.£ _.39 232.7 0.96 276. z, -3.0 /'.32 q.71 348.t -1.81 167.3 6.3 9.11
49660.0 1994 90V 3.5 0.99 40.4 0.0 218.0 -l_.9 £.39 233.5 0.9S 277.] -3.0 6.36 9.71 340./+ -l.92 167.6 _.1 q.25
49670.0 1994 NAV 13.8 0.99 50.4 0.0 228.0 -[7.9 g.3_ 234.3 0.94 277.9 -3.0 6._8 9.71 340.7 -1.83 ]67.9 6.0 q.41
49680.0 1994 93V 23.£ 0.99 60.5 0.0 238.3 -23.:{ S.39 235.1 0,92 278.7 -].0 6.37 9.70 34l.l -l,94 169.2 6.9 9.57
49690.0 1994 OEC 3.5 0,99 70.6 0.0 249.0 -22.1 g.39 235.8 0.9l 279.£ -3.0 6._4 9.70 341.4 -1.££ 169.5 5.7 9.7_
49700.0 1994 OEC 1].6 C. g8 90.8 0.0 260. I -23.l 5.38 236.6 0.90 280.2 -3.0 6.29 q.70 341.7 -1.86 ]#£.7 5.6 9.90
_9710.0 1994 I]FC 23.5 0.98 90, g 0.0 27l. 23.4 5.35 237.4 O.q£ 2Rl. O -3.0 6.22 q.70 342.0 -[.£7 169.0 5.4 19.0_
49720.0 1995 JAN 2.5 0.9£ 101.1 0.0 782.1 -23.0 5.3_ 238.2 0.97 281.8 -3.0 6.13 9.69 342.3 -l.88 169.3 5.3 10.20
49730.0 1q95 JAN 12.5 0.98 111.3 0.0 ?93.[ -2l.£ 5.37 238.9 0.86 282.6 -3,0 6.02 9.69 342.7 -1.89 169.6 5.1 10.]3
49740.0 t995 JA_ 22._ 0.99 [21.5 0.0 303.8 -lq.£ 5.37 239.7 0.94 2£3.4 -5.0 5.90 g.69 343.0 -I.q0 169. q _.0 ]0,44
49750.0 1995 FEB 1.5 0.99 131.7 0.0 314.2 -17.3 5.97 240.5 0.93 284.1 -3.0 5.76 9.48 343.] -1.91 170.2 4.9 10.g_
49760.0 19o_ ¢F9 11.5 0.99 141.8 0.0 _2_.) -1_.2 5.37 241.3 0.82 284.q -3.0 5.61 9,69 343.6 -1.92 170.5 _.7 10.90
49770.0 19¢75 FF8 21.5 o.qq 151.q 0.0 333.q -10.8 5.36 242.1 0.80 2£5.7 -3.0 5.46 g.69 344.0 -l.93 170.8 4.6 10.69
49790.0 1999 MA_ 3.5 0.99 162.0 0.0 343.6 -?.1 5.3E 242.8 0.79 286,g -2.9 g,29 9,48 344.3 -1.9] 171.1 4.4 ]0._7
49790.0 1995 _AR 13.£ 0.99 172.0 0.0 357. A -3.? _.35 24_.6 0,78 287.3 -2.9 5.13 9.67 344.6 -l.94 17[.4 &.3 10.66
49800.0 1995 _AAR 73._ 1.CC 18].9 Q.O 1.8 0.8 5.35 ?44.4 0.76 288.0 -2,0 4.97 9.67 344,9-1.9_ 171.7 4.1 10.43
_9810.0 199_ A)_ 2._ l. O0 101,£ 0.0 t0.9 _.7 5.35 245.2 0.75 28£.8 -2.9 4.92 g.h7 345.3 -l.96 i7_.0 _.0 13.57
49£20.0 1995 Aa_ [2.5 1.80 201.6 0.0 20.0 _.4 5.35 246.0 0.73 ?89.6 -2.9 4.68 9.66 34£.6 -1.97 172.3 3.q 10.49
49830,0 199_ APR 22.g 1.0l 211.4 0.0 29.3 12,0 5.3_ 246oA 0.72 ?90.4 -2,9 4.56 9.66 345.9 -1.99 172.5 3.7 10,39




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































49850,0 1995 MAY 12,5 19,70
49860,0 1995 MAY 22,5 19,70
49870.0 [995 3U_ 1.5 19.70
49880.0 1995 JUN 11.5 L9.7I
49890.0 1995 JU_ 21,5 19.71
49900.0 1995 JUL 1.5 [9.71
499[0.0 1995 JUL 11.5 19.71
49920,0 1995 J UL 2l,5 19. 71
49930,0 1995 AUG 0,5 19,71
49940,0 [995 AUG 10,5 [9,7[
49950.0 [995 AUG 20,5 Ig,72
49960.0 1995 AUG 30.5 [9.72
49970,0 1995 SEP 9,5 [9,72
49980,0 1995 SE p 19.5 19,72
49990°0 1995 SEP 29,5 19,72
50000,0 1995 OCT 9,5 19,72
50010,0 1995 3ET I9,5 19o73
50020.0 1995 3CT 29.5 19.73
50030,0 1995 N3V 8,5 [9,73
50040,0 1995 _3V [8,5 19,73
50050.0 1995 NOV 28,5 19.73
50060.0 1995 DEC 8.5 19.73
50070.0 1995 DEC 18._ 19.73
50080,0 [995 OEC 28,5 19.74
50090,0 1996 JAN 7,5 19,74
50100.0 1996 JAN 17.5 19.74
50110.0 1996 JAN 27,5 19.74
50[20.0 1996 FE8 6.5 19. 74
50130.0 1996 FEB 16.5 19.74
50[40,0 1906 FEB 26.5 19.74
50150.0 1996 MAR 7,5 19,75
50[60.0 1996 _AR 17.5 19.75
50170.0 1996 qAR 27.5 19.75
50180.0 1996 AP_ 6.5 19.75
50190.0 1996 AP_ 16.5 19.75
50200.0 1996 APR 26.5 19.75
50210.0 1996 MAY 6.5 19.75
50220.0 1996 _AY 16.5 19.75
50230.0 1996 MAY 26.5 19.76
50240.0 1996 J UN 5.5 19.76
50250.0 1996 J UN 15.5 19.76
50250.0 1996 JU_ 25.5 L9.76
50270.0 1996 JUL 5.5 19. 76
50280.0 1996 JUL 15.5 19.76
50290.0 1996 JUL 25,5 19. 76
50300.0 [996 AUG 4.5 19.77
50310.0 1996 AUG 14._ 19.77
50320.0 1996 AUG 24.5 19.77
50330.0 1996 5EP 3.5 19.77
50340.0 1996 SEP 13.5 lg. 77
50350,0 1996 SEP 23,5 [9,77
50360.0 1996 3CT 3,5 [9,77
50370.0 1996 OCT 13.5 19. 78
50380.0 1996 3CT 23.5 19.78
50390.0 1996 NOV 2.5 19,78
50400.0 1996 N3V 12.5 [9.78
_0410,0 1996 _SV 22,5 19,78
50420.0 I996 OEC 2.5 19.78
50430.0 1996 DEC 12.5 19.78
50440.0 1996 DEC 22.5 19.78
50450.0 1997 JAN 1.5 19.79
50460.0 1997 JA_ II.5 19.79
50470,0 1997 JAN 21,5 19,79
50480.0 1997 FEB 0.5 19.79
50490.0 1997 FEB 10.5 19.79
50500.0 1997 FEB 20.5 19.79
50510,0 1997 qAR 2,5 19,79
50520.0 1997 MAR 12.5 19.80
50530.0 1997 MA_ 27,5 ]9,80
50540.0 1997 A_ ],5 19.80
50550.0 1997 APR 11.5 19.80
50560.0 1997 A)_ 21._ 19.80
50570,0 1997 MAY 1.5 19,80
50580.0 1997 HAY 11.5 19,80
50590.0 1997 _AY 21.5 19.80
50600,0 1997 JUN 0.5 19.8[
50610.0 [997 JUN 10.5 19.81
50620.0 1997 JUN 20.5 19,8[
50630.0 [997 JUt. 0.5 ]9.8[
50640.0 1997 J UL 10.5 19.81
50650.0 1997 JUt 20.5 19.8[
50660.0 I997 JUL 30.5 19.81
50670.0 1997 AUG 9.5 19.82
50680.0 1997 AUG 19._ 19.82




HELIOCENTRIC ECLI _ IC COOROINATES
NEPTU_I E
DEC8 CDIST R LONG LAT RAS
297.2 -0. 53 18_ 0 %8.% 19.32
297.3 -0.53 188.9 48,3 19.17
297,4 -0,53 188,9 48,1 19.03
297.6 -0.53 188.9 48.0 18.92
297.7 -0,54 1 88. 8 %7.9 18.82
297,8 --0.54 188.8 47.8 [8.75
297.9 --0.54 [88.8 47.7 [8.71
298.0 -0,54 188,7 47,8 18.70
298,1 -0.54 188,7 47,5 18,71
298.2 -0.54 188.7 47.4 18.76
298.3 -0.54 188.6 47.3 1B.83
298.4-0.54 188.6 %7.2 18.93
298.6 -0.54 188.6 47,[ 19.05
298.7-0.55 188.5 _7.0 19.19
298.8 -0.55 188.5 %5.9 19.35
298.9 --0.55 18_5 45.7 19.51
299.0 -0,55 [88.% %5.5 19.58
299.1 -0.55 188.4 45.5 19.85
299.2 -0.55 188.% %5.% 29.02
299.3 -0.55 188.3 %5.3 20.[8
299.4 -0.55 188.3 46.2 20.32
299.6 -0. 55 188.3 %5.1 28.45
299.7 --0.55 188._ 45.0 20.56
299. 8 -0,56 188o2 %5.9 20.64
299.9 --0°56 188.2 45.0 20.69
300.0 -0.56 188.[ 48.7 20.?2
300.1 -0,56 188.1 45.5 20.72
300,2 -0.56 188.[ 45.4 20.69
300.3 --0.56 188.1 %5.3 20.63
300.4 -0.56 188.0 45.2 20.55
300.5 -0.56 [88.0 45.1 20.45
300.7 -0.56 188.0 %5.0 23.32
300.8 -0.57 187.9 44.9 20.18
300.9 -0,57 187.9 6%.3 2].02
30[.0 -0.57 [87.9 4%.7 19.86
301.1 -0.57 187.8 %4.6 19.69
301.2 -0.57 187.8 %%.5 [).52
30[.3 -0.57 187.8 %%.3 [9.36
301.4 -_ 57 187.7 %%.2 I_.21
301.5 -0.57 187.7 4&.l [9.08
301.7 -0.57 187.7 44.0 18.96
301.8 -0.57 187.7 %3.9 18.87
301.9 -0.58 187.6 43.8 18.80
302. 0 -0. 58 ]R7.6 43.7 18.76
302.l -_ 58 187.6 %3.5 18.75
302.2 -0.58 187.5 43.5 18.77
302.3 -0.58 187.5 %3._ 18.8[
302.4 -0.58 [87.5 43.3 [8.89
302.5 -0. 58 ]87.5 %3.2 10.99
302. 6 -0.58 187,% %3.0 [_.[l
302.8 -0.58 187.4 42.9 19.25
302.9 -0.58 187.% _.9 [_.41
303.0 -0.59 187.3 42.7 19.87
303.[ -0. 59 1 87.3 42.5 19.75
303.2 -0.5q 187.3 %?.5 19.92
303.3 -0.59 187.3 42.% 20.03
303.4 -0.59 [87._ %2.3 23.24
303.5 -0.59 187.2 42.2 20.38
303.6 -0.59 [87.2 42.1 23.51
303.7 -0.59 187.2 k2.0 20.6l
303.9 -0.59 187.1 41.9 ?0.69
304.0 -0.59 187, l %[,7 20.?5
304.1 --0.59 187.[ 41.6 20.77
304.2 -0.60 187.0 41.5 23.77
304.3 -0.60 [87.0 %[.% 20.74
304.4 -_ 60 187.0 %1.3 29.68
304.5 -0.60 187.0 %1.2 20.50
304.6 -0.60 186.9 %1.1 20.49
304. 7 -0.60 186.9 %[.3 23,36
304.8 -_ 60 ]86.9 40.9 23.22
305.0 -0.60 18_ 9 %0.8 29.06
305.1 -0.60 186.8 %0.7 I).93
305.2 -0.60 186.8 %0.5 19.73
305.3 -0.60 186.8 &0.5 ]9.57
305.4 -0. 61 [ 86.8 %0.3 1_.41
305.5 -0.61 |86.7 40.2 19.26
305.6 -0.6[ 186.? _0.] 19.12
305.7 -0.61 186.7 40.0 [9.0[
305.8 -0.61 186.7 39.9 [8.92
305.9 -0.61 186.6 39.8 1_.85
306.[ -0.61 186.6 39.7 18.81
306.2 -0.61 186,6 39.6 13.80
306.3 -0,6[ 186.5 39.3 [8.82
306.4 --0.6[ 186.5 39.% 18.87























































































0.55 285.3 -27.9 29.69
0.55 285.4 -27.9 29.55
0.58 285.4 -27.9 29.42
0.54 285.5 -27.9 29.31
0.54 285.6 -27oq 29.22
0.54 285.6 --27.9 29.17
0.54 285.7 -27.9 2q.13
0.54 285.8 -27,9 79.[3
0.54 285.8 -27.9 29.16
0.53 285.9 -27.9 29.22
0.53 286.0 -27.q 29.30
0.53 286.0 -27.8 29.41
0.53 286.1 -27.8 29.53
0.53 286.2 -27.8 29.68
0.53 286.2 -27.8 29.84
0.52 286.3 -27.8 30.0[
0.52 286.4 -27.8 30.[8
0.52 286.4 -27.8 30.35
0.52 286.5 -27.8 30.51
0.52 286.6 -27.8 30.66
0.52 286.6 -27. R 30.80
0.5[ 286.7 -27.8 30.91
0.51 286.8 -27.8 31.01
0.51 286.8 -27.8 3[.07
0.51 286.9 -27.7 31.11
0.5] 287.0 --27.7 31,13
0,50 287.0 -27.7 31.11
0.50 287.1 -27.7 3[.06
0.50 287.2 -27.7 30.99
0.50 287.? -27.7 30.89
0.50 287.3 -2?.7 30.77
0.50 287.4-27.7 30.63
0.49 287.4 -27.7 30.47
0.49 287.5 -?7.7 30.31
0.49 287.6 -27.7 30.14
0.49 287.6 -2?.6 29.97
0.49 287,7 -27,6 29.80
0.49 287.8 -27.6 29.65
0,48 287.8 - 27.6 29.50
0.48 287.9 -27.6 ?9.38
0.48 288.0 -27.6 29.28
0.48 288.0 -27.6 29.20
0.48 288.1 -27.6 29.15
0.47 288,2 -27.6 29.12
0.47 288.2 -27.6 ?9.[3
0,47 288.3 -27,6 29.16
0.47 288.4 -27.6 ?9.23
0.47 288.4-27.5 29.3[
0.47 288.5 -27. _ 29.43
0.46 288.6-27.5 29.56
0.46 288.6 -27. _ 29.71
0.46 288.7 -27.5 29,8?
0.46 208.8 -27.5 30.04
0.46 288.8 -27.5 30.21
0.45 288.9 -27.5 30.38
0.45 289.0 -27.5 30.54
0.45 289.0 -27.5 30.69
0.45 289.[ -27.5 30.82
0.45 289.2 -27.4 30.93
0.45 289.2 -27.4 31.02
0.44 289.3 -27.4 31.08
0.44 289.4 -27.4 31.1[
0.44 289.4 -27.4 3[.[[
0.44 289.5 -27.4 31.09
0.44 289.6 -27.4 31.03
0.44 289.6 -27.4 30.95
0.43 289.7 -27._ 30.85
0.43 289,8 -27.4 30.72
0.43 289,8 -27.3 _0.58
0.43 289,9 -2?.3 30.42
0.43 290.0 -27.3 30.?6
0.42 290.0 -27.3 30.09
0.42 290.1 -27.3 29.92
0.42 290.2 -27.3 29.75
0.42 290.2 -27.3 29.60
0.42 290.3 -27.3 29.46
0.42 290.4 -27.3 29.34
0.41 290.4 -27.3 29.25
0.41 290.5 -27.2 29.17
0,4[ 290.6 -27.2 29.13
0.4[ 290.6 -27.2 29.[[
0.41 290,7 -27,? 2n.12
0.40 290.8 -27.2 ?q.17
0.40 290.R -27.2 29,24
0.40 290.9 -27.2 2q.33
PLUTO
LON_ LAT RAS DECS CD[ST
?9.73 238.9 13.51 193.4 0.0 28.76
29.73 238.9 13.50 193.5 0.0 28.75
29.74 239.0 13,48 lq3.6 0.0 28.77
29.74 239.1 13.47 193.6 0.0 28.82
29.74 239,1 13.46 193.7 0.0 28.89
29.74 239.2 13.44 193.8 0.0 28.99
29.74 239.3 13.43 193.8 0.0 29o10
2qo74 239.3 I3.42 193oq 0,0 29,24
29.75 239.4 13.41 194.0 0.0 29.39
29.75 239.5 13.39 194.0 0.0 29.55
29.75 239.5 [3.38 [94.1 0.0 29.71
29.75 239.6 13.37 19%.2 0.0 29.88
29.75 239.7 [3.36 [94.2 0.0 30.04
29.75 239.7 13,34 [9%.3 0.0 30.19
29.76 239.8 13.33 ]9%.4 0.0 30.33
29,76 239.g [3.32 194.4 0.0 30.46
29.76 240.0 13.30 [94.5 0.0 30.56
29.76 240,0 13.29 194.6 0.0 30.64
29.76 240.[ 13.28 [9%.6 0.0 30.?0
29.76 240.2 13.27 194_7 0.0 30.72
29.77 240.2 13.25 [94.8 0,0 30.72
29.77 240,3 13.24 [94.8 0.0 30.70
29.77 240,4 13.23 [94.9 0o0 30.64
29.77 240.4 13.21 ]95.0 0.0 30.56
29.77 240.5 [3.20 195.0 0.0 30.45
29,78 240.6 15.19 195.1 0.0 30.33
29.78 240.6 13.17 195.2 0.0 30.19
29.78 240,7[3.[6 195.3 0.0 30.03
29.78 240.8 13,15 195.3 0.0 29.87
29.78 ?40,8 13.[4 195.4 0.0 29.70
29.79 240.9 13.12 [95.5 0.0 29.54
29.79 241.0 13.1[ 195.5 0.0 29.38
29.79 241.0 13.10 I95,6 0,0 29.24
29.79 241.I [3, 08 198.7 0.0 29,11
29.79 241.2 13,07 195.7 0.0 29.00
29=?9 241.2 13o06 Iq5.8 0.0 28.91
29,80 241.3 I3,04 195.9 0.0 28.85
29.80 241.4 13.03 ]95.9 0.0 28.82
29.80 241.4 13. 02 196.0 0.0 28.82
29.80 241.5 [3.00 196.1 0.0 ?8.84
29.80 241.6 12.99 196.1 0.0 28.89
29.8| 241,7 12.98 196.2 0.0 28.97
29.81 241.7 12.96 196.3 0,0 29.07
2q.81 241.8 12. q5 [96.3 0.0 29.20
29.81 241.9 12.94 196.4 0.0 29,34
29.81 241.9 I?.92 [96.5 0.0 29.49
29.82 242.0 12.91 [96,5 0.0 29.65
29.82 242.1 12.90 [96.6 0.0 29.8?
29.82 242.1 12.88 [96.7 0.0 29.98
29.82 242o_ 12.87 [96.7 0.0 30.15
29.82 242.3 12.86 [96.8 0.0 30.30
29.83 242.3 12,8% 195.9 0.0 30.43
29.83 242.4 ]2.83 196.9 0.0 30.55
29.83 242.5 12.82 197.0 0.0 30.65
29.83 242.5 [2.80 197.1 0.0 30.73
29.83 242,6 12.79 197.1 0.0 30.78
29.04 242.7 12.78 197.2 0.0 30.80
29.84 242.7 12.76 197.3 0.0 30.79
29.84 242,0 [2.75 [97.3 0.0 30.76
29.84 242.9 12.74 I97o4 0.0 30.70
29.85 242.9 12.72 I97o5 0.0 30.61
29.85 243.0 12.71 197.5 0.0 30.50
29.85 243.1 12.70 [97.6 0.0 30.37
29.85 243.1 12.68 197.7 0.0 30.23
29.85 ?43.2 12.67 197,7 0.0 30.07
29.86 243.3 12.65 197.8 0.0 29.90
29.86 243.3 12.64 197.9 0.0 29.74
29.86 243.4 [2.63 197.9 0.0 29.58
29.86 243.5 12.61 |98.0 0.3 29.42
29.86 243,5 12.60 198.1 0.0 29.28
20.87 243.6 12.59 [98_ 0,0 29.[5
29.8? 243.7 12.57 198.2 0.0 29.05
79,87 243.7 12.56 [98.3 0.0 28.97
29.87 243.8 12.55 198.% 0.0 28.92
29.88 243.9 12.53 198.4 0.0 20.89
29.80 243.9 12.52 198.5 0.0 28.89
29.88 244.0 [2.50 198,6 0.0 28.93
29.88 24&.[ 12.49 ]98,6 0.0 28.98
29.88 244.2 [2.48 [98.7 0.0 29.07
29.89 244,2 12.46 198.8 0.0 29.[8
29,89 244.3 12.45 198.8 0.0 29.30
29.89 244.4 12.43 198.9 0,0 29.%5
70. R9 24_,4 12.42 199.0 0.0 29.60
29.90 244.5 [2.%1 199.0 0.0 29.77
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































DATE R LON3 LAT RAS OECS CDIST R LONG LAT RAS DECS _ISI
50700.0 1997 SEP 8.5 19.82 306.6 -0.62 186. s 39.2 19.04 33.13 298.3 0.40 291.0 -27.2 29,45
50710,0 1997 SE _ 18.5 19,82 306.7 -0.62 186,4 39,0 1].1T 33.13 298.4 0.40 291.0 -27.2 29.59
50720.0 1997 SEP 28.5 19.82 306.8 -0.62 186.4 38.9 19.31 30.13 298.4 0.40 291.1 -27.2 29.74
50730.0 1997 3CT 8.5 19.52 306.9 -0.62 186.% 39.3 19.4T 33.13 298.5 0.39 291.2 -27.1 29,90
50740.0 1997 OCT 18.5 19.82 307.0 -0.62 186.4 38.7 17.53 33.13 298°6 0.39 291.2 -27.1 30.07
50750.0 1997 3CT 28.5 19.83 307.2 -0.62 186.3 38.5 19.81 33.13 298.6 0.39 291.3 -27,1 30.24
50760.0 1997 NOV 7.5 19.83 307.3 -0.62 186.3 38.5 19.98 3_.12 298.7 0.39 291.3 -27.1 30.41
50770.0 1997 _SV 17.5 lg.83 307.4 -0.62 [86.3 35.& 23.14 33.12 298.7 0.39 291.4 -27.1 30,57
50780°0 1997 NOV 27.5 19.83 307°5 -0,62 [86.3 58,3 20.30 33.12 298.8 0.39 29[.5 -27.1 30.71
50790.0 1997 DEC 7.5 19.83 307.6 -0.62 186.3 18.2 23.44 30.12 298.9 0.38 291,5 -27.1 30.8&
50800.0 1997 OEC 17.5 19.83 307,7 -0.62 186.2 38.1 20.5T 33.]2 298.9 0.38 291.6 -27.l 30.95
50810.0 1997 DEC 27.5 19.83 307.8 -0.63 186.2 38.0 20.5T 33.12 299,0 0.38 291.7 -27.I 31.03
50820.0 1998 JAN 6.5 19.83 307.9 -0.63 186.2 37.9 20.75 30.12 299.0 0._ 9 291.7 -27.1 31,08
50830.0 1998 JAN I6.5 10.84 308.0 -0,63 186.2 3T.8 20.80 39.12 299.1 0.38 291.8 -27.0 31.11
50840.0 1998 JAN 26.5 19.84 308.[ -0.63 186.1 32.5 20.82 33.12 299.2 0.37 291.9 -27.0 3I.I0
50850.0 1998 FEB 5.S 19.84 308.3 -0.63 186.1 37.8 20.82 30.12 299.2 0.37 291.9 -27.0 31.07
50860.0 1998 FEB 15.5 19.84 308.4 -0.63 186.1 37,_ 23.T8 33.12 299.3 0.37 292.0 -27.0 31,01
50870.0 1998 888 28.8 19.84 308. S --_ 63 186,1 32._ 23.22 30.12 299.3 0.37 292.1 -27.0 30.92
80880.0 1998 MAR 7.8 19.84 308.6 -0.63 186.0 37.2 23.64 33.12 299.4 0.37 292.[ -27.0 30.51
50890.0 1998 MA_ 17.5 19.84 308.7 -0.63 186.0 31.1 23.53 33.12 299.5 0.37 292,2 -27.0 30.68
50900.0 1998 MA_ 27.5 19.84 308.8 -0. 63 186.0 37.0 20.40 30.12 299.5 0.36 292.3 -27.0 30.53
50910.0 1998 A°_ 6.8 19.85 308.q -0.63 186.0 35.9 23.26 33.12 299._ 0.36 292.3 -27.0 30.37
50920.0 1998 APR 16.5 19.85 309.0 -0.63 185.9 38.8 20.10 39.12 299.6 0.36 292.4 -26.9 30.21
50030.0 1998 A_ 26- _ I9,85 309.1 -0.64 185.9 _5.7 19,94 33.12 299.7 0.36 292,5 -26,9 30.03
S0940.0 1998 _AY 6.5 19.85 309.2 -0. 64 185.9 35.5 19.7T 30 .I2 290.8 0.36 292.5 -26.9 29.87
50950,0 1998 MAY 16.5 ]9.85 309.3 -0.64 18_.q 3_.5 ]9.60 30.12 299.8 0.35 292.6 -26.9 29.71
50940.0 1998 _AY 26.5 [9.85 309.5 -0o64 I8_.8 35.5 19.44 39.|2 299.9 0.35 292.7 -26.9 29.56
50970.0 1998 JUN 5.5 19.85 309.6 -0.64 185.8 36.2 19.30 33.12 299.9 0.35 292.7 -26.9 29.42
50980.0 1998 JUN 15.5 19.85 309.7 -0.64 188.8 _5.I 1].16 33.12 300.0 0.35 292.8 -26,9 29.31
80990.0 1998 JUN 25.5 19.88 309.8 -0,64 185.8 35.0 17.05 33,12 300.[ 0.35 292.9 -26.9 29.22
51000.0 1998 J UL 5.5 19.86 309.9 -0.64 185.8 35,9 18,96 30.12 300.1 0.38 292.9 -26.9 29.15
51010.0 1998 JUL 15.5 19.86 310.0 -0,64 [85.7 35.8 18.89 33.12 300.2 0.54 293.0 -26.8 29.11
51020,0 1998 JUt 25.8 19.86 3[0.[ -0.64 185.7 35.7 [8.85 _0.12 330.2 0.34 293.1 -26.8 29.10
51030.0 1998 AUG 4.5 19.86 3[0.2 -0.64 185._ 35.5 15.55 _3.12 300.8 0.34 293.1 -26.8 29.12
51040.0 1998 AUG 14.5 19.86 310.3 -0.64 185.7 35.5 15.8T 33.12 300- A 0.34 293.2 -26.8 29.[7
51050.0 1998 AUG 24.5 19.86 310.4 -0.65 188.6 35.4 18.92 50.12 300.4 0.34 293*3 -26.8 29.2_
51060.0 1998 SE_ 3._ [9.86 310.6 -0.65 185.6 _._ 15.99 33.12 300.5 0.33 293.3 -26.8 29._5
51070.0 1998 SEP 13.5 19,86 _10,7 -0.65 185.6 35.2 19.10 30.12 300.5 0.33 293.4 -26,8 29.47
51080.0 1998 $8 p 23.5 19.87 310.8 -0.65 [88.5 _5,1 17.22 38.12 300.6 0,33 295.5 -26.8 20,61
51090.0 1998 3CT 3.5 19.87 310,9 --0.65 185.5 _&,9 1].37 33.12 300.7 0.33 293.5 -26,R 29.77
51100.0 1998 3CT [3. _ 19.87 311.0 -0.65 185.5 34,_ 19.52 33.12 300.7 0.33 293.6 -26,7 29.94
51110.0 1998 3CT 23,5 19.87 3II*l -0.65 18_.5 35*7 19.59 33.12 300.8 0.33 293.6 -26,7 B0.11
51120.0 1998 N3V 2.8 19.8T 311.2 -0.65 185.5 _&._ 19.S6 30.12 300.8 0.32 293.7 -26.7 30.28
5[130,0 1998 _SV 12.5 [9.87 311.3 -0o65 185.5 34, _ 23.03 33.12 300,9 0.32 293,8 -26.7 30.44
51140.0 [998 N3V 22.5 19.87 311.4 -0.68 188.4 34.4 20.?0 39.11 300.9 0.52 293.8 -26.7 30.60
51150.0 1998 DEC 2.5 19.87 311.5 -0.65 185.4 34.3 20.36 33.II 301.0 0.32 293°9 -26.T 30.74
51IAO.O 1998 OEC 12.5 19.87 311.6 -0._5 [85.4 5%._ 2_.50 39.11 391.1 0.82 294.0 -26.7 30,86
51170.0 1998 OEC 27. _ 19.88 311.8 -0.66 185.4 34.1 20.62 30.11 501.1 0.3[ 294.0 -26,7 30.96
51180.0 [999 JAN 1.5 19.88 311.9 -0.56 185.4 14.0 20.72 33.11 301,2 O*_I 294.1 -26.6 31.03
51190.0 1999 JAN 11.5 19.88 312.0 -0,66 185.3 35.9 20.80 30.11 301.2 0.31 294.2 -26.6 31.08
51200°0 1999 JAN 21.5 19.88 312.1 -0.66 18_.3 33.8 20,84 30.11 301.3 0.31 294.2 -26.6 31.[0
81210.0 1999F88 0.8 19.88 312.2 -0.65 185.3 33.7 20.8T 33.1I 331.4 0.31 294.3 -26.6 31,09
51220.0 1999 FEB I0._ 19.88 312.8 -0.66 185._ 33.5 20.86 30.11 301.4 0.31 294.4 -26.6 31.05
51230.0 1999 FEB 20.5 19,88 312.4 -0.66 185._ 33.% 20.82 39,1| 301. _ 0.30 294.4 -26.6 30.98
51240,0 1999 MAR 2.5 19.88 3|2.5 -0.68 ]85.2 33.3 20.76 33.11 301._ 0.30 29&o5 -26,6 _0.88
51250.0 [900 MAR 12.8 19.89 312.6 -0.66 185,2 5_,? 20.57 35.li 50].6 0.30 294.6 --26.6 30.77
51260.0 1999 _AR 22.S 19.80 312.7 -0.85 185._ _3.1 ZO.55 39.I] 391.7 0.30 294.6 -26.6 50.63
5[270.0 1999 APR 1.8 ]9.80 312,8 -0.66 185.2 3_.0 20.44 30.11 301.7 0.30 294.7 -26._ 30.48
51280.0 1999 AmR [1.5 Iq.89 313.0 -0.66 185.1 3_.7 2_.29 3).ll 301.8 0.29 ?94.8 -26. _ _0.32
51290.0 1999 APR 21.5 19.89 313.] -0,66 185.1 _2.8 20.13 30,11 301.8 0.29 294,8 -26. _ _0,15
81300.0 1999 MAY 1. _ 19.89 315.2 00.62 185.1 32.7 19.97 39,11 301.9 0.29 294.9 -26. _ 29.98
51310.0 1999 _AY 11.5 [9.89 313.3 -0.57 185,1 IZ.5 19._3 50.[1 332.0 0.29 295.0 -26,8 29,92
51320.0 1999 MAY 21.8 19.89 313.4 -0.87 185.1 32.5 [0.64 30.II 302.0 0.29 295.0 -26.5 29.66
51330.0 1999 JUN 0.5 19.89 313.8 -0.67 185.0 52.4 17.48 30.1[ 332.| 0.29 295,l -26,5 29,51
513_0.0 1999 JUW 10.5 19.90 317,6 -0,67 185.0 52.) [9.33 33,11 302.[ 0.28 298.1 -26.5 29._8
81350.0 ]999 IU_ 20.c 19.90 313.7 -0.67 ]88.3 _.| 19.20 33.11 302,2 0.28 295.2 -26.4 2o.27
81360.0 1999 JUL 0,5 [9.90 313.8 -0.57 185.0 }_,0 1],07 33,1] 332.5 0.28 295.3 -26.4 29o19
8[370.0 1999 JUL I0._ 19.90 313.9 -0.67 185.0 31.9 19.00 30.[1 302*3 0.28 295,3 -26o_ 29,13
81380.0 I999 JUL 20.5 19.90 314.0 -0*67 184.9 31.8 15.93 33.11 332*4 0.28 295.4 -2_.4 29,10
51390,0 1999 JUL 30,_ 19,90 814.2 -0.67 184.9 31.7 15.93 33.1[ 302._ 0.27 295.5 -26.4 29.10
51400,0 I999 AUG 9.5 [9.90 3[4.3 -0.67 [84.9 31o5 18.89 30.11 302. = 0.27 295.5 -26,& 29.[2
51410.0 1999 AUG ]9,5 [g*90 3[4,4 -O,&? [84.] _1,5 I_.]I 33.11 332,6 0.27 295.8 -26. & 29.18
5 1420,0 1999 AUG 29.5 19*90 314.5 -0,67 184.8 31.4 18.96 33.11 302.6 0.27 295.7 -26.& 29,26
51430.0 1999 SEP 8*5 19.90 314.6 -0,67 [R&,R 31.3 19.04 33,11 382.7 0*27 295.7 -26.3 29.37
51440.0 1999 SEP ]8.6 19.91 314,7 -0,68 [84.8 3[.2 1].15 33,1[ 302.7 0*27 295.8 -26.3 ?q,50
51450.0 1999 SFP 28.5 19.9] 3]4.8 -0.68 [84.8 3].| 19.27 30,11 302.R 0.26 295.g -26.3 79.64
5[460.0 1999 ]CT 8.5 19,91 314.9 -0.68 18&.8 _1.3 19.42 3].11 302.q 0.26 295.9 -26,3 29.50
51470.0 1999 _CT 18.5 19.91 318.0 -0.68 18&.? _0.9 19.55 33,11 332.9 0.26 296.0 -?6.3 29.97
51480.0 1990 DET 28.5 19.91 31_,I -0,68 [8_.7 30.R 19,74 33.11 305.0 0.26 296.1 -?6.3 _Q*[4
51490.0 1999 _3V 7. = 19.91 315.2 -0.69 184,7 _0,5 I].92 33.1] 303,0 0,26 296.1 -26*8 30.31
51500,0 1999 _]V [7.5 19,91 318.3 -0.68 18_.7 _0._ ?3.09 50.[1 303.1 0.25 296.2 -26.3 30.47
51510.0 [999 _3V 27,5 19.91 8[5.5 -0.68 184.7 30.% ?3*25 33.11 393.2 0,2_ 296.3 -26.2 30.63
5[920.0 1999 DEC 7.5 19.91 315,6 -0.68 184.8 30.3 20.41 33.11 30 3.2 0.25 296.3 -26.2 50.76
51530.0 1999 OEC [7.5 19.92 315. T -0,68 184.6 30._ 20.55 30 [0 303*3 0.?5 ?96.4 -26.? _0.88
S[_40.0 [999 DEC 27.5 iq.92 31_.8 -0,68 184.6 33.1 2_.67 30.[0 303,3 0.25 296o4 -26.? ?0.9?
PLUTO
R LON3 LAT RAS OE£S CDIST
29.90 244.6 12.38 ]99.2 0.0 30.10
29,90 244.7 12.32 199.? 0.0 30,26
29.91 244.8 12.35 [99.3 0.0 30.41
29.91 244.8 12.34 199._ 0.3 30.54
29.9] 244.9 12.32 199.4 0.0 30.66
29.91 248.0 12.31 199.5 0.0 30.75
29.9? 245.0 12.30 199.6 0.0 30.82
29.92 245.1 12.28 199.8 0.0 30.97
29*92 245*2 12.27 199.7 0,0 70*88
29.92 24_,2 12,28 199.8 0.0 30.8?
29.92 245.3 12,24 |99.8 0.0 30.83
?g.9_ 245.4 12.23 199,9 0o0 _0.76
29.93 245.4 12.21 200.0 0.0 30.67
29.93 245.5 12.20 200.0 0,0 30,86
?9.93 245.6 12.18 200.1 0.0 30.4?
29.94 24=,.6 12.17 200.2 0.0 30.28
29.94 245.7 12.15 200.? 0.0 30.12
29.94 245.8 12.14 200.3 0,0 29.75
29.94 245.8 12,13 200.4 0.0 29.79
29.95 245,9 12.11 ?00,4 0,0 29.62
29o95 246.0 12.[0 200,5 0.0 29.47
29.95 246.0 12.08 200,5 0.,9 ?9.33
29.95 246.[ [2.07 200.6 0.0 29.21
29.96 246.2 12.06 ?00.7 0,0 29.11
29.96 246.? 12.04 200,8 0.0 29.04
29.96 246.3 |2.03 ?00.8 0,0 28.99
29.96 244.4 12.0[ 200.9 0.0 28.97
29.97 246.4 I2.00 20[,0 0.0 28.98
29.97 246._ II.98 201.0 0.0 29.02
29.97 246.6 II.97 20[.[ 9.0 29.09
29,97 246,8 11.95 201.2 0,0 29.18
29.98 246.7 11.94 201._ 3.0 29.27
29.98 246.8 11.93 201.3 0.0 29,4?
29.98 ?46.8 1[.91 20[.4 0.0 29.57
29,98 246.9 II.90 201o4 0,0 29.73
29.99 247.0 11.88 20[.5 0.0 29.89
29.99 247.0 I].87 201.6 0.0 30.06
29.99 247.1 11.85 201.6 0.0 30.23
29.99 247.2 11.84 20[*7 0.0 30.39
30,00 247.? 11,83 ?0[.8 0.0 30.53
30.00 247.3 11.81 201.8 0,0 50.66
30.00 247.4 [1.80 _01.9 0.0 30.78
30,01 247.4 11o78 202,0 0.0 30.87
30.01 247._ 11,27 202.0 0.0 30.9_
30.01 247.0 ]1.75 202,[ 0.0 30.97
50.0l 247.6 [l.24 202.2 0.0 80.98
50.02 247.7 [1.72 202.2 0.0 30.96
30.02 247.8 11,71 202.3 0.0 30.91
30.02 242. R ll._9 232.& 0.0 30.84
30.0? 247.9 II.68 20?.4 0,0 30.74
30.0_ 248.0 11.67 202.5 0.0 30.62
30.03 248.0 ll.65 20?.6 0.0 30.&_
30.08 248.1 11.64 202.6 0.0 30.53
30.04 ?48,2 [1.6_ 202.7 0.3 50.17
50.04 249,2 11.61 202,8 0.0 30.01
30.04 248.3 [1.59 20_.8 0.0 2_.84
30.09 248.4 11.58 20?.9 0.0 ?9.68
30.05 248.4 11,56 203.0 0.0 29.53
30.05 2_8.5 11.55 203.0 0.0 29.40
30.05 248.6 ii.53 203.1 0.0 29.28
30,05 248.6 [1.52 203.2 0.0 29.17
30.06 ?48.7 11.50 203.2 0.0 29.12
30,06 248.? [1.49 203.3 0.0 29.08
30.06 248.8 II.47 203.4 0.0 29.07
30.07 248*9 11.46 203.4 0.0 29.09
30,07 248.9 11.45 203.5 0.0 20.13
30.07 P49.0 ]1.43 233.8 0.0 29.20
30.07 249.1 [1.42 203.6 0.0 29.30
30.09 24'3.1 11.40 203.7 0.0 29.42
30.08 ?40.2 I1.39 203.8 0.0 29.55
30.08 240.3 11,32 ?03.R 0o0 29.70
30*09 _4(_,3 [1._ 6 _0_.9 0,3 2c),88
30.09 249.4 11.34 204.0 0.0 30,03
30,09 249,5 11.33 204.0 0.0 _0.20
30.09 240.5 11.5l ?04.1 0.0 30.37
30.10 249o6 11.30 204.2 q.O 30.82
30.[0 249,7 [I._8 204.2 0.3 30.5?
30. I0 249.7 [1.27 204.3 0.0 30.79
_0.[1 249.8 11.28 ?04.4 0,0 30.90
30.1[ 240*9 [[.24 204.4 0.0 30.09
30.1] 249.9 II.22 20 <`.8 0.0 51.05
30.l[ 250.0 ll._l 204.5 3.0 3].08
30.12 250.1 11.19 204.6 0.0 31.08
30.12 250.l 11.18 204.7 0.0 51.06










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































HELI QCENI"RIC ECLIPTIC COORDINATES
URANUS NEPTUNE
DATE _ LON_ tAT RAS DECS CDIST R LONG LAT RAS DECS COIST
2000 JAq 6.5 19.92 315.9 -0.68 184.6 30.0 20.77 30.10 303.4 0.25 296.5 -26.2 31.04
2000 JAN |6°5 19.92 316.0 -0.58 184.6 20.8 20.84 30.10 303.5 0.24 296.6 -26.2 31.08
2000 JAN 26.5 19o92 316°1 -0.68 184.5 29,8 20.89 30.10 303.5 0.26 296.6 -26.2 31.09
2000 FEB 5.5 19.92 3[6.2 -0.69 184.5 29°7 20°91 30.10 303.6 0.24 296.7 -26°2 31.07
2000 FE8 15.5 19°92 316.3 -0.69 184.5 29,5 20.90 30.10 303.6 0.24 206.8 -26.1 31.02
2000 FEB 25.5 [0.02 316°4 -0.69 184.5 29.5 20.86 38°10 303.7 0.24 296.8 -26.1 30.95
2000 _43 6°5 19.92 316.5 -0.69 184.5 29.% 23.80 3)°[0 303.7 0.23 296.9 -26.1 30.85
2000 MAR 16.5 19.92 316.7 -0.69 184.6 29.3 20.71 30.10 303.8 0.23 297.0 -26.1 30.73
2000 MA8 26.5 19.03 316.8 -0.69 184.4 29.1 20.60 30.[0 303.9 0.23 297.0 -26.1 30.59
2000 APR 5°5 19°03 316.9 -0.69 184,4 29.0 20.47 30.10 303.9 0.23 297.1 -26.1 30.43
2000 APR 15.5 19.93 317.0 -0.69 184.4 28.9 20.32 33.10 304.0 0.23 297.2 -26.1 30.27
2000 A?_ 25.5 19.93 317.1 -0.69 184.% 23._ 20.[5 33.10 304.0 0.23 297.2 -26.1 30.10
2000 MAY 5.5 19.93 3[7.2 -0.6g [84.3 28.7 20.00 30.10 304.1 0.22 297.3 --26.0 29.93
2000 MAY 15.5 19.93 317.3 -0.69 184.3 28.8 19.83 30.10 304.2 0.22 297.4 -26°0 29.77
2000 MAY 25.5 19.93 317.4 -0.69 184.3 28.5 19.67 30,10 304.2 0.22 297.4 -26.0 29.61
2000 JUN 4.5 19.93 31 7.5 -_ 69 184.3 28.% 19.51 30.10 304.3 0.22 297.5 -26.0 29.47
2000 JON 14.5 19.93 317.6 -0.69 184°3 23.3 19.36 30.10 304.3 0.22 297.6 --26.0 2q.34
2000 JON 24.5 19.93 317.7 -0.69 184.3 28.2 19.23 39.10 304.4 0.21 297.6 -26.0 ?9.24
2000 JUL 4.5 19.94 317.8 -0.70 184.2 28.1 19°12 30°I0 304.5 0.21 297.7 -26.0 29.16
2000 JDL 14.5 19.94 318.0 -0.70 184.2 28.0 19.03 30.10 304.5 0.21 297.7 -25.9 29.11
2000 JUt 24.5 19.94 318.1 -_ 70 184.2 27.9 15.97 39.10 304.6 0.21 297.8 -2_.9 ?9.08
2000 AUG 3.5 19.94 318.2 -0.70 184._ 27.7 13.93 33.10 304.6 0.21 297.9 -25.9 29.09
2000 AUG 13.5 19.94 318.3 -0.70 184.2 27.5 18.93 30.10 304.7 0.21 297.9 -25.q 2q.12
2000 AUG 23.5 19.94 318.4 -0.70 184.1 27.5 13.95 30.10 304.8 0.20 298,0 -25.9 29.19
2000 5EP 2.5 19.94 318.5 -0.70 184.1 27.4 19.01 30.10 304.8 0.20 298.1 -25.9 29.28
2000 SEP 12.5 19.94 318.6 -0.70 184.[ 27.3 19.09 30.10 304.9 0.20 298.1 -2_.9 29.39
2000 SE ) 22.5 [9.94 318°7 -0.70 184.1 27.2 19.[9 33.10 304.9 0.20 298.2 -25.9 29.52
2000 0C7 2.5 19.94 318.8 -0.70 184.1 27.[ 19.32 30.10 305.0 0.20 298.3 -25.8 29.67
2000 9CT 12.5 19.95 318.9 -0.70 184.0 27.0 19.47 30.10 305.1 0.19 298.3 -25.8 29.83
2000 OCT 22.5 19.95 319.0 -0.70 184.0 25.9 [9.63 30.10 305,1 0.19 298.4 -25,8 30.00
2000 NOV 1.5 19.95 319. I -0.70 [84.0 25.8 19,79 30.10 305.2 0.19 298.5 -25.8 30.18
2000 qOV 11.5 19.95 319.3 -0.70 184.0 _5.T 1_.97 33.10 305.2 0.19 298.5 -25.8 30.34
2000 NOV 21.5 19.95 319.& -0.70 184.0 25.5 70.14 30.10 305.3 0.19 298.6 -?5.8 30.51
2000 OEC 1.5 19.95 319.5 -0.70 184.0 25.5 20.30 30.10 305.4 0.18 298.6 -25.8 30.65
2000 OEC 11.5 19.95 319.6 -0.7[ 183.9 25.% 20.45 33.10 305.4 0.18 298.7 -25.7 30.78
2000 DEC 21.5 19.95 319.7 -0.71 183.9 26.2 20.59 30.09 305.5 0.18 298.8 -?5.7 30.90
2001 JA_ 0.5 19.95 319.8 -0.71 183.9 25.[ 20.71 30.39 305.5 0.18 298.8 -25.7 30.98
2001 JAN [0.5 19.95 319.9 -0.71 183.9 25.0 20.81 30.09 305.6 0.18 298.9 -25.7 31.04
2001 JAN 20.5 19.96 320.0 -0.71 183.9 25.9 _0.88 30.39 3_5.? 0.18 299.0 -25.7 31.07
2001 JAN 30.5 19.96 320.1 -0.71 183.8 25.8 20.93 30.09 305.7 0.17 299.0 -25.7 31.08
2001 F_8 9.5 19.96 3?0.2 -0.71 183.8 25.7 20.94 30.09 305.8 0.17 299.1 -25.7 31.05
2001 FEB 19.5 19.96 320.3 -0.7[ 183.8 25.5 20.93 39.09 305.8 0.17 299.2 -25.6 31.00
200[ HAR I. _ 19.96 320.4 -0.71 183.8 25.5 20.89 30,_9 305. Q 0.17 299.2 -25.6 30.91
2001 MAR 11.5 [9.96 320.6 -0.71 183.8 25._ 20.83 30.00 306.0 0.17 209.3 -2_.6 30.81
2001 MA8 21._ lg.96 320.7 -0.71 ]83.8 25.3 20.74 30.09 306.0 0.16 299.4 -25.6 30.68
2001 APR 0.5 19.96 320.8 -0.71 [83.7 25.2 20.62 33.09 30_.1 0.16 299.4 -25.6 30.5&
2001 AP_ 10.5 19.96 320.9 -0.71 183.7 25.1 23.%9 30.39 306.[ 0.16 299.5 -25.6 30.38
2001 A78 20.5 19.96 371.0 -0. 71 l 83.7 25,0 28.35 30.09 306.2 0.16 299.5 -25.6 30.22
2001 MAY 0.5 19.96 321.1 -0.71 183.7 24.9 20.19 30.09 306.3 0.16 299.6 -2_.5 30.0 _
2001 WAy 10.5 [9.97 321.2 -0.71 183.7 2_.8 20.02 33.09 306.3 0.16 299.7 -25.5 29.88
2001 SAY 20.5 19.97 321.3 -0.71 183.6 24.5 19.86 30.09 306.4 O.IK 299.7 --25.5 29.72
2001 MAY 30.5 lq.97 321.4 -0.7[ 183.6 24.5 19.59 30.39 306.4 0.15 299.8 -25.5 29.56
2001 JUN 9.K 19.97 371.5 -0.72 183.6 2_.4 19.53 30.09 306. _ 0.15 290.9 -25. K 29.43
2001 JUN 19.5 19.97 321.6 -0.72 183.6 24.3 19.39 30.09 306.6 0.15 299.q -25.5 29._I
2001 JUN 29.5 19.97 321.7 -0.72 183.6 2#.2 19.26 30.09 306.6 0.15 300.0 -25.5 29.71
2001 JUL 9.5 lg. 97 321.9 -0. 72 183.6 2&.I 19.15 30.09 306.7 0.14 300.[ -25.4 29.14
2001 JU_ 19.5 19.97 322.0 -0.72 183.5 24.0 19.06 3).39 306.7 0.14 300.1 -25.4 29.09
2001 JUt 29.5 19.97 322.1 -0.72 183.5 23.9 19.00 30.09 306.8 0.14 300.? -25.4 29.07
2001 AUG 8.5 19.97 322.2 -0.72 183.5 23.8 18.97 30.09 306.9 0.14 300.3 -25.4 29.09
2001 AUG 18.5 19.97 322.3 -0.72 183.5 23.7 18.96 30.09 306.9 0.14 300.3 -25.4 29.13
2001 AUG 28.5 [9.97 322.4 -0.72 183.5 23.5 18.99 30.09 307.0 0.14 300.& -2c.4 ?9.?0
2001 5E? 7.5 19.98 3?2.5 -0.7_ 183.% 23.5 19.04 33.09 307.0 0.13 300.4 -25.4 29.29
2001 SEP 17.5 19.98 322.6 -0. 72 183.4 23._ 19.13 30.09 307.1 0.13 300.5 -25.3 29.&I
2001 SEP 27.5 19.98 322.7 -0.72 183.& 23.3 19.23 39.09 307.1 0.13 300.6 -25.3 29.55
2001 3CT 7.5 19.98 322.8 -0.72 183._ 23.1 19.36 30.09 307.2 0.13 300.6 -25.3 29.70
2001 3CT 17.5 19.98 32?.9 -0.72 183.4 ?3.0 19.51 30.09 307.3 0.13 300.7 -25.3 20.87
7001 3CT 27.5 19.98 323.0 -0.72 183._ 2_._ 19.57 30.09 307.3 0.12 300.8 -25.3 30.04
2001N3V 6.5 19.98 323.2 -0.72 183.3 2).8 19.84 30.09 307.4 0.12 300.8 -?5.3 30.21
2001 qSV 16.5 19.98 323.3 -0.72 183.3 2?.7 20.01 30.99 307.4 0.12 300.9 -25.3 30.38
2001N3V 26.5 19.98 323.4 -0.72 183.3 2_.5 23.[8 30.09 307.5 0.12 301.0 -2_.2 30.53
2001 DEC 6.5 19.98 323.5 -0. 72 183.3 22.5 20.35 30.09 307.6 0.12 301.0 -25.2 30.68
2001 DEC 16.5 19.98 323.6 -0.73 183.3 2_.% 20.50 30.30 307.6 0.11 301.1 -25.2 30.81
2001 0_C 26.5 19.98 323.7 -0. 73 183.3 22.3 20.64 30.09 307.7 0.11 301.2 -25.2 30.91
2002 JAN 5.5 19.99 323.8 -0.73 183.2 22.2 20.?5 30.08 307_? 0.11 30[.2 -25.2 30.99
2002 JAN 15.5 10.99 323.9 -0.73 183.2 27.[ 20.85 30.08 33?.8 0.11 301.3 -25.2 31.04
2002 JA_ ?5.5 19.99 324.0 -0. 73 183.2 22.0 29.92 33.08 307.9 0.11 301.3 -25.2 31.07
2002 FE6 4.5 19.99 324.1 -0.73 183._ 21._ 20.95 3).98 307.9 0.11 301.4 -25.1 31.06
2002 FEB 14.5 19.99 324.2 -0.73 183.2 21.8 20.98 30.08 308.0 0.I0 301.5 -25.1 31.03
2002 FE8 24.5 19.99 32&.3 -0.73 183.2 21.7 20.96 30.08 308.0 0.10 301.5 -25.1 30.97
2002 MAR 6.5 19.99 324.4 -0.73 [83.1 2[.5 20.92 30.08 308.1 0.10 301.6 --25.1 30.88
2002 MAR 16.5 19.99 324.6 -0.73 183.1 21.4 20.85 30.08 308.2 0.10 301.7 -25.1 30.77
2002 _A_ 26,5 19.99 324.7 --0.73 [83.1 21.3 23.78 30.08 338.2 0.I0 30[.7 -25.1 30.64
2002 APR 5.5 19.99 324.8 -0.73 183.1 21.2 20.65 30.08 308.3 0.09 301.8 -?5.0 30.49
2002 AP_ 15.5 19.99 324.9 -0.73 183.1 21.1 20.52 30.08 308.3 O.Og 301.9 -25.0 30.33
2002 APR 25.5 19.99 32R.0 -0.73 183.0 21.0 20*37 30.08 308.4 0.09 301.9 -25.0 30.17
PLUTO
R LON3 LAT RAS DECS COIS_
30.13 250.3 11.15 204.8 0.0 30.93
30.13 250.3 ll.13 204.9 0.0 30.82
30.13 250.4 11.12 204.9 0.0 30.?0
30.14 250.5 11.10 205.0 0.0 30.56
30.14 250.5 11.00 205.1 0.0 30.40
30.1_ 250.6 11,07 205.1 0.0 30.2_
30.14 250.7 11.06 205.2 0.0 30.08
30.15 250.7 11.04 205.3 0.0 20.91
30,15 250.8 11.03 205.3 0.0 29.75
30.15 250.9 11.01 205.4 0.0 29.61
30.16 250.0 11.00 2-05.5 0.0 29.48
30.16 251.0 10.98 205.5 0.0 29.37
30o16 251.0 10.07 205.6 0.0 ?9.28
30.17 251.[ 10o05 205.7 0.0 29.22
30.17 251.2 10.94 205.7 0.0 29.18
30.17 251.2 10.92 205.8 0.0 29.18
30.17 251.3 10.91 205.9 0.0 29.20
30.18 251.4 10.89 205.9 0.0 29.25
30.18 251.4 10.88 206.0 0.0 29.33
30.18 251.5 10.86 206.1 0.0 29.43
30.19 251.6 10.84 205.1 0.0 29.55
30.19 251.6 10.83 206.2 0.0 29.59
30.19 251.7 10.81 206.3 0.0 29.85
30.20 251.8 10.80 206.3 0.0 30.01
30.20 251.8 10.78 206.4 0.0 30.18
30.20 251.9 10.77 206.5 0.0 30.35
30.21 252.0 10.75 206.5 0.0 30.51
30.21 252.0 10.74 206.6 0.0 30.67
30.21 252,1 10.72 206.7 0,0 30.81
30.22 252.2 I0.71 206,7 0.0 30.93
30.22 252.2 I0.60 206.8 0.0 31.04
30.22 252.3 10.68 206.9 0.0 31.12
30.23 252.3 10.66 206, g 0.0 31.17
30.23 252.4 10.65 207.0 0.0 31.20
30.23 252.5 10.63 207.1 0.0 31.19
30.23 252.5 10.62 207.1 0.0 31.16
30.?4 252.6 10.60 207.? 0.0 31.10
30.24 2':;2.? 10.58 207.2 0.0 31.02
30.24 252.7 [0._7 207.3 0.0 30.91
30.25 252.8 10.55 207.4 0.0 30.78
30.25 252.9 10.54 207.4 0.0 30.6&
30.25 252.9 10.52 207.5 0.0 30.48
30.26 253.0 10.51 207.6 0.0 30.32
30.26 253.[ 10.49 207.6 0.0 30.1_
30.26 253.1 [0.48 207.7 0.0 29.99
30.27 253.2 10.46 207.8 0.0 29.83
30.27 253.3 10.45 207.8 0.0 29*59
30.27 253.3 10.43 207.9 0.0 29.55
30.28 253.4 10.41 208.0 0.0 20._6
30.28 253.4 [0.40 208.0 0.0 29.38
30.28 253.5 10.38 208.1 0.0 29.3?
30.29 253.6 10._7 208.2 0.0 29.29
30.?g 253.6 10.35 208.2 0.0 20.30
30.20 253.7 10.34 208.3 0.0 29.33
30.30 253.8 10.32 208.& 0.0 29.38
30.30 253.8 10.31 208.4 0.0 29._7
30.30 253.0 10.20 208.5 0.0 29.57
30.31 254.0 [0.27 ?08.6 0.0 29.70
30.31 25_.0 10.26 208.6 0.0 29.85
30.31 254.1 10.24 208.7 0.0 30.00
30.32 254.2 10.23 208.8 0.0 30.17
30.3? 254.2 10._[ 208.8 0.0 30.34
30.32 25&.3 10.20 208.9 0.0 30.51
30.33 254.3 10.18 208.9 0.0 30.69
30.33 254.4 10.16 209.0 0.0 30.83
30.33 25&.5 10.15 209.1 0,0 30.96
30.34 25_.5 tO. 13 20g. l 0.3 31.08
30.34 ?54.6 10.12 209.2 0.0 31.18
30.35 254.7 I0, I0 209.3 0.0 31.26
30.35 254.7 10.09 209.3 0.0 3[.30
30.35 25&.8 10.07 209.4 0.0 31.32
30.36 254.9 10.06 209.5 0.0 31.31
30.36 254.9 10.04 209.5 0.0 31.28
30.36 255,0 10.02 209.6 0.0 31.21
30.37 255.1 I0.01 209.7 0.0 31.12
30.3? 255.1 9.09 209.? 0.0 31.01
30.37 255.2 q. 98 209.8 0.0 30.87
30.38 255.2 9.96 209.9 0.0 30.73
30.38 25_.3 q.94 209.9 0.0 30.5?
30.38 255.& 9.93 210.0 0.0 30.40
30.39 255.4 9. ql 210. l 0.0 30.24
30.39 255.5 9.90 210.1 0.0 30.08
30.39 255.6 9.88 210.2 0.0 29.92
30.40 255.6 9.87 210.2 0.0 29.78
30.40 255.7 9.85 210.3 0.0 29.66
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Section 3
HYPERBOLIC EXCESS SPEED CONTOUR CHARTS
The one-way direct-trajectory data for each mission opportunity are presented
graphically in this section. These data provide the means to ascertain regions
of interest within a particular launch opportunity and to determine the gross
variations of energy requirements as a function of launch year. The charts
show contours of constant Earth departure and target arrival excess speed
(normalized to 0.i Earth's mean orbital speed) as a function of the date of
Earth departure and target planet arrival. The 180 ° transfer ridge (the locus
of points for which the Earth longitude/target-planet longitude differ by 180 °)
is denoted by the heavy solid line running diagonally up each chart. The small
open circle that appears on this line for some launch opportunities indicates
the date of nodal crossing by the target planet, i.e., the date on which the
target planet penetrates the ecliptic plane.
The data for Jupiter are contained in five charts spanning the period 1981-1986
(Figures 3-1 through 3-5). The Jupiter trajectory data for the preceding years
(1970-1980) are contained in Part 5 of Volume III of this handbook series,
(Reference i)o For each of the other target planets ten charts are shown, span-
ning the years 1976-1986. (For missions to Saturn, see Figures 3-6 through 3-15;
for Uranus, Figures 3-16 through 3-25; for Neptune, Figures 3-26 through 3-35.)
For the launch opportunities included in this handbook, the range of Earth depar-
ture dates usually encompasses parts of two calendar years. Where this occurs,
the launch year quoted refers to the year in which the minimum energy missions
lie. Also note that the Earth-outer planet synodic period of 370 to 400 days
causes the occasional omission of a calendar year from the launch year sequence.
The opportunities shown, however, are complete and in sequence.
The ranges of flight times shown on the contour charts exceed those of practical
interest and are intended to document the complete features of the missions.
Because of the slow change of velocity requirements with flight times, the
display of data for broad ranges of flight time illustrates that the energy
requirements for a practical trajectory are not necessarily significantly larger
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than those required for trajectories of lowest energy for a given launch
opportunity.
Mission Characteristics
For missions to the outer planets the use of a circular-coplanar model of
planetary orbits (which is often assumed to be adequate) can at times lead to
significant errors in calculated mission requirements. The effects of orbit
eccentricity and, particularly, inclination should be accounted for and it
should be noted that these effects are inherently different for missions to
the outer planets than for missions to the inner planets°
The effect of orbit eccentricity is reduced with increasing orbit radius,
especially for the planets beyond Jupiter° This can be demonstrated by consi-
dering the difference in excess speed between Hohmann transfers from Earth
(i AU circular orbit) to perihelion and from Earth to aphelion of the target
planet's orbit. These differences are tabulated below° The value for Mars is
included to provide a reference.
Earth-Mars = 0°040 EMOS
Earth-Jupiter = 0o010 EMOS
Earth-Saturn = 0.007 EMOS
Earth-Uranus = 0.004 F_0S
Earth-Neptune = 0o001EMOS
The effect of orbit inclination, however, is of increased significance for
missions to the outer planets° Particularly, even though inclinations are low,
high departure velocities are required if transfer angles near 180 degrees are
used (as opposed to minimum energy Hohmann transfers for a coplanar model).
The more general effects of orbit inclination vary between missions to the
inner planets and missions to the outer planets in the following manner: In
the case of missions to the inner planets, their relatively fast mean motions
cause the planetary latitudes to vary through a large range during a typical
arrival window. Although inclination effects on mission requirements are
present, it is possible to achieve a more favorable planetary location--and
lower energy requirements--by simply changing the flight time slightly. In
the case of the outer planets, however, their relatively slow mean motion
causes only a small change in planet latitude as the date of arrival is changed.
Thus, if an outer planet is near maximum latitude on a date when an otherwise
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low energy trajectory would arrive, a shift in the arrival date (flight time)
would have little benefit since the planet would still be at a high latitude.
From consideration of these effects it is important to note that the most
favorable missions occur when arrival is on a date when the planet is near (or
in) the ecliptic plane, i.e., when the energy requirements due to inclination
are minimized° Specifically, the lowest energy missions occur when the flight
time associated with a near-Hohmanntransfer results in an arrival when the
planet is at a node.
The relationship of the low energy transfers with the nodal crossing of the
target planet causes the region of lowest departure energy to be essentially
fixed on the nodal crossing date when flight times to the node becomesufficiently
short; that is, sufficiently close to Hohmannflight times. This is first
evidenced in the contour charts by an enlargement of the low energy region
toward the nodal crossing date. As the flight time becomesshorter, the lowest
departure energy will occur near the transfer ridge in conjunction with the
nodal crossing date. With each succeeding launch opportunity the region of
lowest energy missions movesdownthe transfer ridge (toward shorter flight
times), always in conjunction with the nodal crossing date. This relationship
continues until the flight time to the node becomessufficiently short such
that the energy requirements dominate any advantage of a nodal transfer. The
minimumenergy missions, as mentioned above, occur in the launch opportunity
for which a near-Hohmanntransfer to the node exists. However, for the planets
beyondJupiter, the energy requirements for the transfer to the node during
other launch years (when the low energy region occurs there) are not signifi-
cantly greater than the minimumenergy, near-Hohmanncase.
The above discussion of orbit inclination and eccentricity makesno mention of
the role of flight time as an independent variable in mission selection.
Actually, this is probably the most important factor in the evaluation of
missions to the outer planets, especially those beyondJupiter. The flight
times associated with the regions of most favorable departure excess speed for
the planets beyond Jupiter are of extremely long duration. For example, con-
sider the minimumflight times corresponding to Type I trajectories departing
Earth at 0°35 EMOSexcess speed to Saturn and 0°4 EM0Sexcess speed to Uranus
and Neptune: the time to Saturn is about 1800 days (4.9 years) while the time
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to Uranus and Neptune is on the order of 2750 days (7.5 years) and 5800 days
(15.9 years), respectively° Although such energy requirements are within the
capabilities of current launch vehicle technology, the flight times involved
considerably diminish the desirability of such missions° An increase in allowed
departure energy to 0.4 EMOS to Saturn and 0.5 EMOS to Uranus and Neptune would
reduce flight time by about a factor of 2. However, this would necessitate a
considerable increase in Earth launch vehicle requirements, especially in the
case of missions to Uranus and Neptune. In addition, there exists an alternate
mission mode (Jupiter swingby) which will provide these shorter flight times
at considerably reduced energy requirements. Jupiter swingby missions to all
of the planets beyond Jupiter are available during about half the period from
1976 to 1986. A description of the missions and graphical and tabular data of
mission requirements are contained in Part 8 of this handbook series (Reference
2). It should be noted that the use of the swingby mode will result in an
increase in arrival excess speed at the target planet, a fact which may detract
from the other advantages of swingby if an orbiter mission to the target planet
is contemplated°
Jupiter
For missions to Jupiter, the 1981 opportunity offers the minimum Earth depar-
ture energy requirements for the period from the early 1970's through the 1980's.
The launch years 1980 and 1983 have energy requirements essentially equal to
those in 1981; however, the regions of lowest energy are considerably reduced
in extent. Consistent with the previous discussion of low energy nodal missions,
there is a decrease in flight time to the minimum energy region as the launch
year progresses from 1980 to 1983. The change in flight time is from about
1300 days (Type II) to about 800 days (Type I) during these three launch years.
The two other near-Hohmann, nodal crossing opportunities (1975, 1987) in the
time span of the 1970's and 1980's are at the ascending node and exhibit slightly
higher departure energy requirements than the 1981 Earth launch.
Arrivals at Jupiter for launches in the years following 1981 occur as the planet
is approaching perihelion (and maximum southerly latitude), the actual passage
of perihelion occurring around June, 1987. For the shorter flight time tra-
jectories (around 400 to 600 days) the availability of transfers to the planet
near perihelion seems to result in a slight reduction in departure energy
requirements or, alternatively, a reduction in flight time for constant
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departure energy missions. It should be emphasized, however, that the effect
is very slight. A related effect of the movementthrough perihelion is a
general (slight) increase in arrival hyperbolic excess speed as the arrival
window encompassesthe time span during which Jupiter is near perihelion.
Saturn
Saturn transits its descending node in September, 1990. This results in a
general decrease in departure energy requirements for the launch years 1976 to
1983. The minimumenergy launch opportunity is in 1983, associated with the
near-Hohmanntransfer time to the nodal crossing°
The flight times to the minimum-energyregions associated with the nodal cross-
ing decrease markedly during the launch years 1981 to 1986 being reduced from
about 3100 days in 1981 to about 1800days in the 1985 and 1986 launch oppor-
tunitieso For shorter flight time missions (600 to 1200 days), characterized
by departure excess speeds of from 0.4 EMOSto more than 0.5 EMOS,the effects
of Saturn's position on flight time are not so spectacular. Theminimumflight
times associated with the 0.4 EMOSand 0.5 EMOSdeparture excess speeds vary
by only about I00 days during the i0 year span of launch opportunities consi-
dered. The minimumflight times associated with these departure energies reach
a peak of around Ii00 days (0.4 EMOS)and i40 days (0°5 EMOS). Thesemaxima
occur in conjunction with arrival at Saturn when it is near maximumlatitude
and aphelion.
Uranus and Neptune
As a result of the very small mean motion of Uranus and Neptune, the hyperbolic
excess speed at Earth departure and at target arrival undergoes no great varia-
tion with launch year. The missions to Uranus during the ten years covered
here are marked by a slow increase in Earth departure energy. This occurs as
Uranus moves below the ecliptic plane, well past the most favorable nodal
crossing mission opportunities, and towards aphelion. Both of these factors
exert an adverse effect on mission requirements; however, the most pronounced
effect is related to the increasing latitude at Uranus.
Trajectories to Neptune in this period are characterized by the availability of
near-Hohmann nodal crossing missions. Neptune descends below the ecliptic in
September, 2003; however, due to the long flight times (more than 30 years)
associated with minimum departure excess speeds, the range of flight times
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covered in the charts does not include such minimum energy missions. For the
flight times included in the charts, the departure excess speed decreases
slightly with progressing launch years through about 1980, after which a very
slow increase begins. In conjunction with the decreasing flight time to the
node, the minimum flight times associated with the lower departure excess
speeds also decrease. Although this change may be several hundred days in
magnitude, the practical improvement is actually quite small since the flights
are of such long duration.
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EARTH - JUPITER HYPERBOLIC EXCESS SPEED
CONTOUR CHARTS
FOR THE YEARS 1981 - 1986
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EARTH - JUPITER TRANSFER - 1981
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
WITH RESPECT TO 0.1 EARTH'S MEAN ORBITAL SPEED
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EARTH - JUPITER TRANSFER - 1983
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
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EARTH - JUPITER TRANSFER - 1984
HYPERBOLIC EXCESS SPEEDCONTOURS NORMALIZED
WITH RESPECTTO 0.1 EARTH'S MEAN ORBITAL SPEED
FIGURE3-3
SPEED AT EARTH
-- -- SPEED AT JUPITER
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LEAVE EARTH (J.D. - 2400000)
EARTH- JUPITERTRANSFER(1984)
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EARTH - JUPITER TRANSFER - 1985
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
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LEAVE EARTH (J.D. - 2400000)
FIGURE3-4 EARTH-JUPITERTRANSFER (1985)
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EARTH - JUPITER TRANSFER - 1986
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
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LEAVE EARTH (J.D. - 2400000,
FIGURE 3-5 EARTH - JUPITER TRANSFER (1986)
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EARTH - SATURN HYPERBOLIC EXCESS SPEED
CONTOUR CHARTS
FOR THE YEARS 1976- 1986
5g

EARTH - SATURN TRANSFER - 1976
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
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F GURE3-6 EARTH- SATURNTRANSFER (1976)
43140 43160
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EARTH - SATURN TRANSFER - 1977
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
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EARTH-SATUR N TRANSFER - 1978
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
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FIGURE 3-8 EARTH- SATURN TRANSFER (1978)
43900 43920
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EARTH - SATURN TRANSFER-1979
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
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FIGURE3-9
44200 44220 44240 44260
LEAVE EARTH (J.D.-2400000)




HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
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EARTH-SATURN TRANSFER - 1982
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
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LEAVE EARTH (J.D.-2400000)
FIGURE 3-12 EARTH- SATURN TRANSFER (1982)
46410 4543O
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EARTH - SATURN TRANSFER - 1983
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
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,FIGURE3.-13
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LEAVE EARTH (J.Do - 2400000)
EARTH - SATURN'TRANSFER (,1983)
45790 45810
68
EARTH - SATURN TRANSFER 1985
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
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HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
WITH RESPECT TO 0.1 EARTH'S MEAN ORBITAL SPEED
SPEED AT EARTH
-- -- SPEED AT SATURN
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EARTH - URANUS HYPERBOLIC EXCESS SPEED
CONTOUR CHARTS


























EARTH - URANUS TRANSFER - 1976
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
WITH RESPECTTO 0.1 EARTH'S MEAN ORBITAL SPEED
43100 43120 43140 43160
LEAVE EARTH (J.D.-2400000)



































EARTH - URANUS TRANSFER - 1977
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
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EARTH - URANUS TRANSFER - 1978
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
WITH RESPECT TO 0.1 EARTH'S MEAN ORBITAL SPEED
------ SPEED AT URANUS
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EARTH - URANUS TRANSFER - 1979
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
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LEAVE EARTH (J,D.-2400000)
FIGURE 3-19 EARTH - URANUS TRANSFER (1979)
44310 44330
76
EARTH - URANUS TRANSFER - 1980
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
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LEAVE EARTH (J.D.-2400000)
FIGURE3-20 EARTH- URANUS TRANSFER (1980)
4468O 44700
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EARTH - URANUS TRANSFER - 1982
HYPERBOLIC EXCESS SPEED CONTOURS NORMAL ZED
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FIGURE3-21 EARTH- URANUS TRANSFER (1982)
45050 45070
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EARTH - URANUS TRANSFER - 1983
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
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FIGURE3-2:> EARTH- URANUSTRANSFER (1983)
45420 45440
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EARTH - URANUS TRANSFER - 1984
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
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,EARTH - URANUS TRANSFER - 1985
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
WITH RESPECT TO 0.1 EARTH!S MEAN ORBITAL SPEED
SPEED AT URANUS
46060 46080 46100 46120 46140
LEAVE EARTH (J.D.-2400000)
FIGURE3-24 EARTH- URANUSTRANSFER (1%5)
6180
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EARTH - URANUS TRANSFER - 1986
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED







46390 46410 46430 46450 46470 46490 46510
LEAVE EARTH _.D.-2400000)
FIGURE3-25 EARTH- URANUS TRANSFER (1986)
46530 46550
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EARTH - NEPTUNE HYPERBOLIC EXCESS SPEED
CONTOUR CHARTS




HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED
WITH RESPECTTO 0.1 EARTH'S MEAN ORBITAL SPEED
SPEED AT EARTH
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HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED























HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED

























HYPFRBOLtC EXCESS SPEED CONTOURS NORMALIZED



















44200 44220 44240 44260 44280 44300 44320
LEAVE EARTH (J.D. - 2400000)




HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED



















44670 44590 44610 44630 44650 44670 44690
LEAVE EARTH (J.D_ 2400000)




HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED



























EARTH-NEPTU NE TRANs FER-1983
HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED



















45300 45320 45340 45360 45380 45400 45420
LEAVE EARTH (J.D.-2400000)




HYPERBOLIC EXCESS SPEED CONTOURS. NORMALIZ_'D




















45670 45690 45710 45730 45750 45770 45790
LEAVE EARTH (J.D.-2400000)




HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED




















46O4O 46060 46080 46100 46120 46140 46160
LEAVE EARTH (J.D.-2400000)




HYPERBOLIC EXCESS SPEED CONTOURS NORMALIZED


















46410 4643O 46450 46470 46490 46510 46530
LEAVE EARTH (J.D. - 2400000)




MAGNETIC TAPE DATA DESCRIPTION
_ne magnetic tape contains a data record for each trajectory contained in the
tabular data in Supplements A and B. In order to make the tape compatible
with the 7090/7094 DCS (and at the same time usable with "third generation"
computers) a blocked, BCD tape format was used. The tape is set up as follows:
I. 7-Track
2. Blocked BCD
3. 20 Records per Block
4. 132 Characters per Record
An identification record precedes each set of data associated with a particular
launch opportunity and target planet. Other than this, the data contained on
the tape is the same as that printed in the tabular listings (excluding, of
course, the parameter headings and separate arrival date), with two data
records per trajectory.
The identification record is composed of a 4-digit integer defining the launch
year (i.e., 1976, 1977, etc), a 1-digit integer defining the target planet,
and an integer indicating the number of data records following the identifica-





The identification record format is:
Character Number Field Definition
i blank
2 - 5 14 Launch year
6 - 12 blank
13 Ii Planet index
14 - 20 blank
21 - 24 14 Number of data records
25 - 132 blank




Character Number Field Definition
1 blank
2 - 8 F7.1 DEPART
9 blank
i0 - 16 F7.1 ARRIVE
17 - 23 F7.3 SPEED
24 - 29 F6.1 RA
30 - 35 F6.1 DECL
36 - 42 F7.2 I 1
43 - 48 F6.3 V 1
49 - 54 F6.1 PSI 1
55 - 60 F6.3 ECCEN
61 blank
62 - 68 F7.3 _ SMA
69 - 74 F6.1 THETI
75 - 80 F6.1 THET2
81 - 86 F6.3 PERIH
87 A1
88 - 94 F7.3 _% APHEL
95 A1
96 - 102 F7.2 I 2
103 - 108 F6.3 V 2
109 - 114 F6.1 PSI 2
115 - 120 F6.1 RA
121 - 126 F6.1 DECL
127 - 132 F6.3 SPEED
1 - 17 blank
18 - 23 F6.2 DVI
24 - 29 F6.2 DV2
30 - 35 F6.2 DVT
36 - 38 blank
39 - 41 A3 LEG
42 - 48 F7.3 CDIST
49 - 54 F6.1 RAS
55 - 61 F7.1 DECLS
62 - 69 F8.1 LAMDA
70 - 132 blank
Written as _-x-_%_-_ if SMA is less than -99.999 or greater than 999.999.




i. Space Flisht Handbooks_ Vol. 3 - Planetary Flisht Handbook_ NASA SP-35,
Part 5, Trajectories to Jupiter, Ceres, and Vesta, 1966.
2. Space Flisht Handbooks_ Vol. 3 - Planetary Flisht Handbook, NASA SP-35,
Part 8, Jupiter Swingby Trajectories to Saturn, Uranus, Neptune, and Pluto
(to be published).
3. Space Flisht Handbooks, Vol. 3 - Planetary Flight Handbook, NASA SP-35,
Part i, Prepared for George C. Marshall Space Flight Center, 1963.
4. Masterson, Mo F°, Dates and Lon$itudes of Conjunction, Opposition, Nodal
Passage, and Perihelion Passage, General Dynamics/Astronautics Report No.
598-1-24, March 1963.
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